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Abstract
Potential biomarkers to predict fertility in dairy cattle

Melissa Wise
The aim of this study was to use leukocyte counts and haptoglobin concentrations in
blood, milk, and uterine luminal secretion as biomarkers of health status and to associate those
biomarkers and milk yield with reproductive success in dairy cattle. The study used a
commercial dairy milking three times daily. One hundred and twenty six (25 primiparous and
101 multiparous) Holstein dairy cows were used. Reproductive success was evaluated with
variables measured at three time points: [20-26 (prebreeding), 54-60 (breeding), and 90-96
(pregnancy diagnosis) days in milk (DIM)]. Variables included concentrations of leukocytes
from blood, milk [measured by QScout Farm Lab MLD Slides (Advanced Animal Diagnostics,
Morrisville, NC)], and uterine endometrium, culture of endometrial cells; Hp concentrations in
plasma and milk; health status; and milk yield. Changes occurred in concentrations of
biomarkers in blood, the uterus, and the mammary gland; however, concentrations showed no
significant correlation between variables from the mammary gland and uterus (p > 0.05) or blood
and the uterus (p > 0.05). Incidence of health disorders at 0 to 26 DIM was negatively related to
conception to the first service (p = 0.0387). Reproductive diseases, including positive uterine
culture for bacteria, negatively affected conception to first service (p = 0.0430). Both calving
difficulty (p = 0.0223) and positive uterine culture (p = 0.055) negatively affected conception to
first service; however, there was no interaction between the two. Plasma Hp concentration was
affected by time (p < 0.0001), QScout Farm Lab udder diagnosis (p < 0.0001), and illness (p <
0.0001), and time by lactation interaction (p = 0.0384), with differences between primiparous
and multiparous animals 20-26 DIM (p = 0.043). Illness status was associated with plasma Hp
and milk yield (low<41.95 kg, high>41.96 kg) with higher plasma Hp concentrations having
higher illness rates at 54-60 DIM (p < 0.0001) but not at 20-26 DIM (p = 0.0615). Mastitis
negatively affected conception to first service with numbers of milk lymphocytes (p = 0.0357)
and neutrophils (p = 0.0259) being elevated in mastitis positive animals. Milk neutrophils were
positively correlated with milk Hp concentration (p <0.0001). Logistic regression determined
that illness status between 0-26 DIM was the most predictive variable (p = 0.0408) on conception
to the first service with positive uterine culture (p = 0.0764) as the second most predictive.
Plasma Hp concentration was not associated with illness status at 20-26 DIM but was a valuable
marker of illness after the transition period, 54-60 DIM. The combination of calving difficulty,
clinical signs of illness, uterine culture, and Hp plasma concentration (after 26 DIM) produced in
the most predictive model of fertility. Hence, evidence of disease at the postpartum herd check
was the most predictive of fertility in this herd of Holstein cows.
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I.

Literature Review

The Modern Dairy Cow
The modern Holstein-Friesian dairy cow evolved from breeding Batavian and Friesian
cattle (Prescott et al., 1930) to create black and white cattle. These cattle were selected to
produce milk on limited forage for migrant Netherland tribes (Lush et al., 1936). Because of the
selection for efficiency, the Holstein-Friesian breed became popular in the 1850s, when the
demand for cattle in the newly settled Americas increased (Prescott et al., 1930). Milk
production averaged 390 kg per lactation in 1921 (Holstein-Friesian World, 1922). Genetic
selection soon intensified toward milk production, and genetic improvement for milk production
increased while generation interval decreased (Yeu et al., 2015). The Holstein is still the highest
milk producing breed of cattle in the United States, supplying an average of 10,432 kg of milk
per lactation (NASS, 2015). Modern dairy operators constantly search for ways to increase milk
production while decreasing costs and boosting efficiency. Such a production-focused view
emphasizes increased milk yield, increased feed efficiency, and decreased calving interval while
maintaining health status of the cow through improved disease prevention and treatments.
However, intense genetic selection for milk production has increased inbreeding,
negatively impacted metabolic and reproductive traits (Kim and Kirkpatrick, 2009). Therefore,
the modern dairy cow is susceptible to metabolic and hormonal challenges during the
periparturient period lasting three weeks prior to and three weeks post parturition, termed the
transition period (Goff and Horst, 1997; Simenew and Wondu, 2013). Metabolic changes mostly
stem from the cow entering a state of negative energy balance defined as, the intake of
insufficient calories to meet the needs of the animal (Bauman and Currie, 1980). Dry matter
intake (DMI) decreases as parturition approaches (Bertics et al., 1992; Hayirli et al., 1998),
1

which when combined with growing needs of the fetus, causes negative energy balance and
increased fat mobilization. Negative energy balance is increased at parturition with the onset of
lactation (Martinez et al., 2012). Milk production increases after calving until reaching its peak
about 90 days in milk (DIM) after which production will gradually decline through the end of
lactation. At this time nutrient partitioning draws energy via gluconeogenesis from fat reserves
and lower priority tissues, such as the reproductive system, and shuttles it to the mammary gland
for milk production and vital organs for maintenance.
A persistent challenge for dairy herd managers is maintaining an efficient calving
interval: the days from one calving to the subsequent calving. In an efficient dairy operation,
cows will be bred postpartum between 60-100 DIM to maintain an efficient calving interval. By
minimizing services per conception, producers could save considerable time and money spent on
getting cows pregnant. Fertile cows that breed back efficiently have economical calving
intervals and decreased costs associated with heat detection and insemination. Thus, optimizing
fertility is important to maintain an economically viable dairy operation.
The periparturient period includes a proinflammatory environment in the reproductive
tract (Koets et al., 1998; Van Engelen et al., 2009). This time period also is associated with
impairment of polymorphonuclear leukocytes (PMNs) and oxidative burst activity (Kehrli et al.,
1989; Hoben et al., 2000b). Early changes coupled with the physical stress of calving result in
suppression of immunity, increasing the risk of disease (Hiss et al., 2009). Immune suppression
also occurs presumably from physical and hormonal stress (Hiss et al., 2009). This
immunosuppression can result in subclinical infections (Detilleux et al., 1995). Cows that were
sick at their prebreeding health examination (20-26 DIM) had extended intervals to rebreeding
(Akers, 2014).
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Mastitis remains one of the largest challenges to the dairy industry resulting in profit loss
(Bradley, 2002). Subclinical mastitis which lacks visible symptoms of inflammation,as with
clinical mastitis, cows with subclinical mastitis exhibit decreased milk production (Sandholm et
al., 1995). The National Animal Health Monitoring System Dairy Study in 2007 cited that
16.5% of cow mortalities were due to mastitis. During the early postpartum period, cows have
higher susceptibility to mastitis than the remainder of lactation (Smith et al., 1998). Cebra et al.
(1996) reported lower total protein levels in milk from cows with mastitis than in healthy
animals. Cows with mastitis have increased somatic cell counts, inflammation, and acute phase
responses in the udder that are reflected in a systemic innate immune response (Bochsler and
Slauson, 2002). These challenges, specifically those associated with mastitis (Barker et al.,
1998), impact cow health and increase time to next conception (Coleman et al., 1985).
The Transition Period
The transition period contains many changes for the dairy cow (Goff and Horst, 1997;
Simenew and Wondu, 2013). During the early dry (non-lactating) period of gestation, cows are
housed with other dry cows that are not due to calve immediately and are fed a dry cow ration.
Three weeks prepartum, cows typically are moved to a pen and fed a diet higher in energy and
protein to meet increasing energy demands of the fetus (Overton and Waldron, 2004). This can
cause a voluntary decrease in DMI and an increase in standing time (Phillips and Rind, 2001).
Decreased DMI and rumen volume during late gestation due to fetal growth results in a state of
negative energy balance. Due to the cow’s negative energy balance, glycogen and fat from the
liver and adipose tissue, respectively, are mobilized (Holtenius et al., 2003). Plasma nonesterified fatty acids (NEFAs) mobilized from fat reserves rapidly increase as parturition
approaches and lipolysis increases. As the cow’s energy deficit grows, increasing amounts of
adipose tissue are mobilized to be used for energy resulting in a loss of body condition prior to
3

parturition (Taylor et al., 2003). During the transition period concentrations of endocrine levels
also are changing. Plasma insulin levels decrease inversely with growth hormone (Hayirli et al.,
2002), both of which surge at parturition (Kunz et al., 1985). Progesterone (P4), which has been
high during gestation, rapidly declines two days prior to parturition followed by a drop in
estrogen at parturition (Chew et al., 1979). On the day of calving, glucocorticoids and prolactin
spike (Edgerton and Hafs, 1973). Blood calcium levels decrease close to parturition as it is
shuttled to the mammary gland for colostrum synthesis (Goff and Horst, 1997). The
combination of these endocrine changes prepare the cow for parturition and lactation.
As the fetus grows, uterine size limits the space available. This triggers the fetus to
release corticotrophin from the fetal anterior pituitary (Senger, 2012), which promotes synthesis
of 17α-hydroxylase, 17-20 desmolase, and aromatase (Strange et al., 1995). Progesterone is first
converted to 17α-hydroxyprogesterone by 17α-hydroxylase, and 17-20 desmolase then converts
17α-hydroxyprogesterone to androstenedione. The steroid ring then goes through aromatization
and the removal of a carbon to produce estradiol. Progesterone loses its action of suppressing
myometrial contractions causing an increase in myometrial activity and contractions (Csapo,
1956). Combined with the increase in estrogen, prostaglandin F2-alpha (PGF2α) causes
luteolysis and stimulates the release of relaxin to relax the ligaments of the pelvis and the cervix
(Goff et al., 1987). The elevation of both estradiol and PGF2α stimulate uterine contractions and
increase internal pressure on the cervix, which stimulates oxytocin release from the posterior
pituitary that subsequently increases the force of contractions to expel the fetus and fetal
membranes (Senger, 2012). This entire process degrades normal anatomical barriers of the
cow’s reproductive tract and exposes it to an environment that is filled with foreign anaerobic
and aerobic bacteria (Sheldon et al., 2014). Contamination from the environment, feces, and
4

fetal membranes, which can work up the genital tract from the vulva to the vagina through the
cervix and to the uterus due to the enlargement and relaxation of the tissues, can cause infection.
The puerperium period begins immediately post calving. During this time the uterus
returns to its normal non-pregnant state, a process known as involution. During involution
uterine tissue size is reduced, damage is repaired, and ovarian function resumes, all of which are
essential for a subsequent pregnancy. Involution has been shown in the dairy cow to last 45-50
days (Gier and Marion, 1968), and even 90 days in other dairy cattle (LeBlanc et al., 2002).
Postpartum contractions continue to push lochia; blood and remnants of placental and
endometrial tissue, compress uterine vasculature to minimize risk of hemorrhage, and reduce the
size of the uterus. Immediately postpartum the bovine uterus is nearly a meter long weighing
approximately 9 kg (Gier and Marion, 1968). The first few days postpartum necrosis of the
remaining carunclular tissue and residual leukocytes progresses, sloughing off in layers 1 to 2
mm thick (Senger, 2012; Gier and Marion, 1968). By four days postpartum, uterine contractions
and reduced uterine size pushes lochia out of the uterus so that it pools in the vagina (Tizard,
2013). As involution progresses, there is a reduction in uterine edema and new epithelium forms
in the uterine lumen (Gier and Marion 1968; Tizard, 2013). It has been extensively shown that
time to uterine involution in dairy cows is extended when compared to other breeds of cattle
(Lauderdale et al., 1968). Delayed involution is an important factor of fertility in the dairy cow
and is due to lack of tactile stimulation from milking once or twice daily compared to beef cattle.
During milking, or nursing of young, there is tactile stimulation of the teat end that sends a
message to the periventricular nuclei of the hypothalamus (Senger, 2012), to release oxytocin.
Oxytocin acts on smooth muscle of the mammary gland and uterus, which results in milk
ejection (Senger, 2012) and release of PGF2α from the uterine endometrium stimulating uterine
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contractions (Guilbault et al., 1984a; Guilbault et al., 1984b). In the weeks post-calving, the
circulating levels of PGF2α decrease to basal levels (Edqvist et al., 1978; Eley et al., 1981;
Guilbault et al., 1984a; Guilbault et al., 1985). Involution is dependent upon magnitude
(Guilbault et al., 1985) and duration of PGF2α release (Lindell et al., 1982; Madej et al., 1984).
Decreased oxytocin release decreases uterine contractions and lengthens time of involution in
dairy cattle that are milked two to three times a day compared to the continuous suckling of a
beef calf that is left on its dam (Izaike, 1990; Yavas and Walton, 2000).
Plasma P4 is high throughout gestation and suppresses leukocyte activity (Clemens et al.,
1979), which is thought to allow tolerance to the fetus (Weinberg, 1987). The estrogen peak
prior to calving has been shown to have an immune stimulating effect (Trawick and Bahr, 1986);
however, Wyle and Kent (1977) found that estrogen suppresses leukocyte function. Plasma
cortisol, the hormone of stress, increases prior to parturition and continues to increase
postpartum (Goff et al., 1987; 1989). van Knegsel et al. (2007) proposed that the combination of
estrogen and cortisol cause immune suppression at parturition. The severity of negative energy
balance has also been positively associated with the immune status of the cow (van Knegsel et
al., 2007).
Innate Immune Response
Natural immunosuppression, which is marked by an attack of the innate immune system
occurs during the period surrounding parturition. This non-specific section of the immune
system is composed of the physical barriers to infection: epithelium, phagocytic cells, dendritic
and natural killer cells, and plasma proteins (Murphy, 2012).
The four functions of the innate immune system are: recognizing foreign pathogens,
eliminating foreign pathogens, regulating the immune response, and building memory of foreign
6

pathogens for future responses through antigen presentation (Murphy, 2012). The recognition
of foreign pathogens is initiated by leukocytes. Mature leukocytes are present in circulation and
tissue after maturing in bone marrow. Macrophages are considered the body’s first response to a
foreign pathogen. Found in tissue, these mature monocytes are phagocytic and act to engulf
foreign pathogens through receptor binding of toll-like receptors (TLRs). Some toll-like
receptors are located on the cell membrane of leukocytes that sense and bind pathogenassociated molecular patterns (PAMPs) of microbial/pathogen products to recruit other
leukocytes to stimulate an immune response (Beutler, 2009; Takeuchi and Akira, 2010). Cell
recruitment resulting from cytokine signaling and a consequence of TLR ligation , causes
inflammation in tissue due to the induced secretion of prostaglandins, cytokines, and
chemokines. Classical symptoms of inflammation include redness, swelling, heat, and pain of
the affected area (Murphy, 2012). Inflammation is mediated by several factors that continue to
recruit leukocytes to the area to remove damaged cells and pathogens (Chen and Nuñez, 2010).
Other mediators, like cytokines and prostaglandins, work as redundant signals, to further recruit
immune cells. Neutrophils (PMNs), eosinophils, and basophils are classified as granulocytes,
because their cytoplasm contains granules that are bactericidal or contain potent enzymes and
toxic proteins (Murphy, 2012). Neutrophils are present in high numbers and act as bactericidal
agents that have phagocytic processes and have antibacterial agents stored in their granules. The
sum of multiple cell actions stimulates immune response to fight foreign pathogens through the
down-stream signaling due to the ligation of PAMPs to TLRs (Beutler, 2009; Sheldon et al.,
2014; Takeuchi and Akira, 2010). Memory of the immune system is built as innate immune cells
present antigen to lymphocyte cells (Murphy, 2012), as the humoral or adaptive arm of the
immune system discussed later.
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Circulating neutrophils increase as a result of parturition and subsequent inflammation of
the reproductive tract (O’Connor et al., 2000). Hematocrit and total leukocyte counts increase
from 6,000 to 9,000 x103/μL as parturition approached (Jones and Allison, 2007; Jain,
2013). Nazifi et al. (2008) also showed hematocrit levels in the pregnant cow were higher than
in the postpartum cow, accounting for the decrease in packed cell volume postpartum. The same
study also showed that leukocyte and hemoglobin counts were higher during gestation than 2530 DIM in cows (Nazifi et al., 2008). Leukocyte numbers then fall sharply in the first 24 hours
postpartum and return to basal levels in four to six days postpartum (Jain, 2013; Straub et al.,
1959).
Polymorphonuclear leukocytes make up approximately 25% of total leukocytes in
healthy cattle (Paape et al., 2003; Table 1). In postpartum cattle that number has been shown to
increase to 43% (Dosogne et al., 1999). Number of circulating neutrophils increase prepartum
and sharply decline one week postpartum (Detilleux et al., 1995). During this time the number of
immature, or banded neutrophils, increase in circulation, referred to as left shift (Detilleux et al.,
1995). A limited number of mature neutrophils are stored in bone marrow, resulting in an
increase in the number of circulating immature neutrophils during an immune challenge. A
negative correlation exists between the number of mature neutrophils in circulation and the
severity of an infection (Waller, 2002). Monocytes are lowest at parturition and return to
average (4,200 cells/μL) two-three weeks postpartum (Detilleux et al., 1995). In the same study
eosinophils were lowest two weeks postpartum and returned to basal values three to four weeks
postpartum (Detilleux et al., 1995). Merrill and Smith (1954) found that lymphocyte and
eosinophil numbers increased, neutrophils decreased, while monocytes showed no significant
change through ten days postpartum. The number of blood lymphocytes decrease before and at
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parturition, returning to a higher level during the second week postpartum (Saad et al., 1989).
Inflammation, in combination with parturition and onset of lactation, leads to increasing NEFA
and reactive oxidative species, which impair the phagocytic function of neutrophils (Esposito et
al., 2014; Hammon et al., 2006; Krause et al., 2014),and when combined with parturition stress
further impair oxidative burst activity (Kehrli et al., 1998; Hoben et al., 2000a).
During gestation P4 is high and maintains the latent uterine environment. Prior to
parturition effects of P4 diminish as estradiol increases (Senger, 2012) resulting in an increase in
circulation to the uterus. This increase in circulation can be characterized by an increase in
leukocytes and proinflammatory signals or cytokines. Leukocyte infiltration is accompanied by
cell lysis forming pus in the uterus, which are expelled during normal uterine contractions that
occur during involution. However, if bacteria are able to colonize the uterus in greater
magnitude than the immune response, uterine disease develops. Metritis, clinical endometritis or
subclinical endometritis develop as a result of the severity of leukocyte infiltration, accumulation
of pus, and number of days postpartum (Sheldon et al., 2006). Metritis involves inflammation of
the endometrium, myometrium and perimetrium of the uterus, which is accompanied by
myometrial degeneration and infiltration of leukocytes. Seldon et al. (2006) defined metritis as
an abnormally large uterus postpartum with discharge of brown lochia, signs of systemic illness,
and fever within three weeks postpartum. This classification is different than that of clinical
metritis where the uterus is abnormally large postpartum accompanied by discharge of lochia but
the animal shows no systemic signs of illness (Sheldon et al., 2006), accompanied by a uterine
cytology sample > 10% PMN (Galvao et al., 2010). Endometritis is inflammation of the
endometrium, which does not affect the myometrium (Bondurant, 1999). Presence of an enlarged
uterus with greater than 50% purulent or mixed mucopurulent discharge greater than three week
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postpartum is diagnosed as clinical endometritis (Sheldon et al., 2006). An animal presenting
with a lack of discharge but has greater than 18% neutrophils in a uterine cytology sample three
to four weeks postpartum, is diagnosed as having subclinical endometritis (Sheldon et al., 2006).
Subclinical endometritis diagnosis extends four to five weeks postpartum if the neutrophil
content is greater than 10% (Sheldon et al., 2006).
It has been accepted that P4 contributes to immune suppressive effects. P4 regulates the
release and function of PGF2α (Vincent and Inskeep, 1986), and proinflammatory cytokines that
stimulate luteolysis resulting in subsequent uterine contractions that would expel contaminants
from the uterus (Murray et al., 1990; Heuwiser et al., 2000). Experimental intrauterine infusion
of Escherichia coli (E. coli) and Arcanobacterium pyogenes (A. pyogenes) in beef cattle were
unsuccessful in establishing a uterine infection until P4 increased during the luteal phase (Del
Vecchio et al., 1992; Rowson et al., 1953; Lewis, 2003b). It has also been observed that three
weeks postpartum, when P4 increases prior to the LH surge of the first dominant follicle,
spontaneous uterine infections will establish (Sheldon et al., 2002; Savio et al., 1990).
Associated inflammation that develops can suppress LH pulses causing a persistent follicle with
the inability to ovulate (Sheldon et al., 2002; Peter and Bosu, 1988). For this reason it is
common for producers to use exogenous PGF2α in cows that are suspected to have a uterine
infection. The alternative treatment for uterine infection is the intrauterine infusion of
antimicrobial agents (LeBlanc et al., 2002; Sheldon and Nokes, 1998). Common pathogens
include environmental aerobes and anaerobes: A. pyogenes, E. Coli, Fusobacterium,
Bacteriodes, and Prevotella species (Bonnet et al., 1991; Sheldon et al., 2002; Sheldon et al.,
2006).
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As in the uterus, common pathogens infiltrate the mammary gland and stimulate innate
immune responses. These environmental and contagious pathogens stimulate inflammation
known as mastitis. Environmental pathogens are bacteria that are naturally present in the
animal’s environment, typically caused by teat contamination during or post milking. These
specific bacteria include E. coli, Streptococcus dysgalactiae, Streptococcus uberis, Klebsiella
pneumonia, and Bacillus species (Dego et al., 2002). Infectious bacteria spread from quarter to
quarter within the mammary gland and from cow to cow through direct or indirect contact.
Specific pathogenic bacteria include Staphlococcus aureus (S. aureus), Streptococcus agalactiae,
and Arcanobacterium species (Zadoks et al., 2001; Dego et al., 2002). S. aureus was identified
as the most prevalent contagious mastitis causing pathogen, being cultured in 43% of herds
tested regardless of herd size (NAHMS, 2008).
The invasion of the mammary gland by pathogenic bacteria begins at the skin level, with
the teat canal not only serving as the first point of defense against pathogens but also as a direct
path into the mammary gland for infection (Zecconi et al., 2002; Paulrud, 2005). In a healthy
mammary gland the teat skin is lined with fatty acids that act as antimicrobials while the teat
canal is lined with smooth muscle that maintains tight closure of the sphincter on the teat end
(Zecconi et al., 2002; Paulrud, 2005). Keratin, produced by stratified squamous epithelium cells
lining the teat canal, acts as an antimicrobial agent (Paulrud, 2005). Damage to the teat canal
musculature, stratified squamous epithelium of the canal or subsequent keratin can allow
pathogens into the mammary gland to establish an infection. This damage can be caused by
improper administration of intramammary therapies, defective milking machines (Nickerson,
1987; Capuco et al., 1994), or during normal milking when the keratin can be stripped out of the
teat canal (Rainard and Riollet, 2006).
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These insults permit colonization of the teat canal and bacteria to move up into the teat
cistern of the mammary gland allowing further colonization. Additionally, action of a
mechanical milker can force bacteria present on the teat end during milking into the teat canal for
colonization (Griffin et al.,1988). Once milking is complete, the teat sphincter can remain
relaxed, or open, allowing bacteria to enter from the environment. Once bacteria colonizes in the
mammary gland, innate immune responses occur quickly. Leukocytes and proinflammatory
mediators are drawn to the site of infection,produceing cytokines and acute phase proteins
(APPs) that further work to clear the infection. The first leukocytes present in the mammary
gland include neutrophils, macrophages, and natural killer cells (Boutinaud and Jammes, 2002).
These cells cause inflammation and the characteristic signs of mastitis: redness and heat from the
mammary gland accompanied by discomfort of the animal and a spectrum of milk clots when
milked.
The most problematic form of mastitis is subclinical (Sandholm et al., 1995). Although
asymptomatic, subclinical mastitis results in decreased milk production. The migration of
leukocytes into the mammary gland increases milk somatic cell count (Harmon, 1994; Bradley
and Green, 2005). In the average bovine mammary gland, free from mastitis, somatic cell count
averages 75,000 cells/mL of milk. Cell composition includes epithelial cells that are constantly
being shed during lactation, aveolar epithelial cells, and leukocytes lacking cytoplasmic particles
with 5-20% of cells neutrophils, 10-30% lymphocytes and about 60% macrophages (Boutinaud
and Jammes, 2002; Dulin et al., 1983).
The most numerous leukocyte in the healthy and infected mammary gland is the
macrophage (Lee et al., 1980). During the periparturient period, leukocyte concentrations
increase to 80,000,000/mL with neutrophils and lymphocytes having the highest concentration in
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milk in the mammary gland (Concha, 1986). Neutrophils are resident in the mammary gland but
also migrate into the tissue out of circulation (Lin et al., 1995). As macrophages and neutrophils
respond to an infection or site of inflammation bacteria is lysed within the mammary gland.
(Blosher and Slauson, 2002) Macrophages and neutrophils also produce cytokines such as tumor
necrosis factor-α (TNF-α), interlukin-1 (IL-1), interlukin-1 beta (IL-1β), and interlukin-6 (IL-6)
that increase chemotactic activity of cells to the tissue (Alluwamim, 2004) and acute phase
proteins (APP; Kurash et al., 2004) that act as pro and anti-inflammatory mediators in tissue (Lai
et al., 2009).
The inflammatory response is amplified through activation of cytokine receptors and
these tissues produce APPs, such as hepatocytes in the liver (Gruys et al., 2005; Baumann and
Gauldie, 1994). During an acute phase response the liver shifts 30-40% of anabolic function to
production of APP (Mackiewicz, 1997). Major APP concentration increases within 24 to 48
hours post triggering event and then decrease rapidly, due to APP short half-life (Niewold et al.,
2003). During more chronic inflammatory events, APP have exhibited consistent low to
moderate levels in circulation (Horadgoda et al., 1999). For this reason, APP have shown high
sensitivity for inflammatory or stressful events however low specificity for diagnosing the cause
(Ceron et al., 2005).
Major APPs in cattle are haptoglobin (Hp) and serum amyloid A (Peterson et al., 2004),
which show significant positive correlations in serum concentration values (Ekersall et al.,
2001). Haptoglogin and serum amyloid A were shown to increase 100-fold as opposed to the
three to four fold increase of α-glycoprotein in dairy cattle (Ekersall et al., 2001). Haptoglobin is
a plasma macromolecule (>1000kD) (Eckersall and Conne, 1990) with beta-alpha-alpha-beta
chains connected by disulfide bridges (Morimastsu et al., 1991). The main function of Hp is to
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scavenge free hemoglobin (Hb) during oxidative stress (Kristiansen et al., 2001; Langlois et al.,
1996), and is produced by neutrophils, liver hepatocytes, and alveolar cells (Aronowski and
Zhao, 2011; Levy et al., 2010; Lim et al., 1998).. Cooray et al. (2007) demonstrated elevated Hp
of multiple isoforms in circulating granulocytes of healthy cattle. During an infection, bacteria
use the heme structure of Hb for growth and colonization (Hiss et al., 2004).
Hemoglobin is released by the rupture of erythrocytes (Rother et al., 2005), then bound
Hp in what has been described as an irreversible interaction (Rother et al., 2005). The Hb iron
intermediate has oxidative potential (Banerjee et al., 2012) that causes free heme to be released
into circulation and prevent clearance from the body (Buehler et al., 2009). Released Hb
contains an iron intermediate that reacts with downstream hydrogen peroxide resulting in
formation of hydrogen radicals (Banerjee et al., 2012). Haptoglobin complexes with Hb to
reduce the oxidative potential there by limiting iron availability to bacteria. Therefore Hp acts
as an antioxidant (Yang et al., 2003; Tseng et al., 2004). Oxygen has shown an increased affinity
for the Hp-Hb complex when compared to uncomplexed Hb (Banerjee et al., 2012). Thus the
Hp-Hb complex is considered bacteriostatic and antinflammatory (Levy et al., 2010).
The Hp-Hb complex reduces the toxic potential of Hb, allowing its removal by the
glycoprotein CD163 (Freeman et al., 1990), a transmembrane protein found on monocyte and
macrophage cells. Expression of CD163 in vitro was influenced by administration of cytokine
and TLR ligand. Downregulation of CD163 was acheived by administration of IFNγ, TNF-α,
IL-4, and lipopolysaccharide (LPS) with glucocorticoids, IL-6, and IL-10 induced up regulation
of CD163 (Etzerodt and Moestrup, 2012; Van Gorp et al., 2010). With nine scavenger receptor
cysteine rich domains (Van Gorp et al., 2010), the third domain of CD163 is essential in Ca2+
dependent ligand formation with the Hp-Hb complex (Madsen et al., 2004). CD163 can also,
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uptake free Hb allowing a backup system if Hp is depleted or there is excessive hemolysis
(Schaer et al., 2006). The uptake of free Hb is shown by high affinity CD163 subunits (Etzerodt
et al., 2013). The binding of Hb to CD163 (uncomplexed or complexed with Hp) causes
secretion of IL-6 and IL-10 as well as heme oxygenase, a stress response protein (Philippidis et
al., 2004). If uncomplexed, Hb accumulates in the kidney. Therefore, Hp protects from renal
failure due to the buildup of Hb in the kidneys as well as prevents iron loss (Kim et al., 1998).
Bovine Hp is not typically expressed in healthy animals (Table 1). The reference value
for serum is <0.35 mg/mL for healthy animals in a variety of ages and breeds (Horadagoda et al.,
1994; Table 2). Concentrations specifically found in healthy cattle being 0.08 + 0.017 mg/mL
(Lipperheide et al., 1997; Nakagawa et al., 1997). However, Hp concentration increases during
bacterial challenge (Lai et al., 2007; Petersen et al., 2004), with peak activity of 24-48 hours
(Slocombe and Colditz, 2005), thus Hp has been used as an acute phase inflammatory marker in
cattle (Horoadagoda et al., 1999; Skinner et al., 1991; Takahashi et al., 2006). Alsemgeest et al.
(1995) observed an increase in serum Hp in acute, subacute, and chronic inflammations such as
pneumonia, peritonitis, and abscess, which led to the use of Hp as a factor for diagnosing sick
cattle (Skinner et al., 1991).
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Table 1: Experimentally determined bovine haptoglobin standards.
Serum
Concentration (mg/ml)
Source
Healthy
0.0003
Weinkauf et al., 2005
Lipperheide et al., 1997;
Healthy
0.108±0.017
Nakagawa et al., 1997
Healthy
<0.259
Slocombe and Colditz, 2005
Healthy
0.35
Horadagoda et al., 1994
Healthy
0.108 ± 0.017
Khoshvaghti et al., 2009
Healthy
0.02-0.1
Ekersall et al., 2001
Acute Metritis
0.890 ± 0.071
Khoshvaghti et al., 2009
Subclinical Mastitis
0.570 ± 0.063
Khoshvaghti et al., 2009
Mild Mastitis
0.47 ± 0.45
Ekersall et al., 2001
Moderate Mastitis
0.74 ± 0.72
Ekersall et al., 2001
Chronic
Inflammation
0.18-2.0
Takahashi et al., 2006
Milk
Healthy
Acute Metritis
Subclinical Mastitis

Concentration (mg/ml)
0.0003
0.000112 ± 0.000020
0.000107 ± 0.000026

Source
Weinkauf et al., 2005
Khoshvaghti et al., 2009
Khoshvaghti et al., 2009

Serum Hp levels significantly increase post parturition (Gymnich et al., 2003; Uchida et
al., 1993). Hiss et al. (2009) showed the concentration of serum Hp was low (0.19 + 0.03
mg/mL) four weeks prepartum, increased to 1.6 + 0.27 mg/mL one week postpartum and
returned to basal levels three weeks postpartum. Highest concentrations in milk were found one
week postpartum, declining to basal levels six weeks postpartum (Hiss et al., 2009).
Haptoglobin levels during uterine infection and uterine involution have been correlated with
illness status (Sheldon et al., 2001), as well as in cases of metritis (Smith et al., 1998; Chan et al.,
2010). This can be demonstrated by the increase in Hp three days after parturition (Chan et al.,
2010). Huzzey et al. (2009) showed that cows with Hp serum levels higher than 1mg/mL three
days postpartum were 6.7 times more likely to develop metritis. Speculation has been made that
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high Hp could be a result of cows in a negative energy balance (Crawford et al., 2005), agreeing
with the presence of Hp in cows with fatty liver (Yoshino et al., 1992).
Haptoglobin has been measured in milk as well as serum. Nielsen et al. (2004) reported
that Hp concentration in serum and milk of cows with clinical mastitis was higher than those
with extra mammary infection. Permeability of the blood-milk barrier has been shown to
increase during mastitis allowing serum proteins to gain access to milk (Shuster et al., 1997).
Ekersall et al. (2001) showed a significant correlation between Hp in serum and milk. The
increase in Hp in all quarters has been shown to reflect the presence of an extra mammary
disorder (Grouland et al., 2005). Serum Hp levels increased with California Mastitis Test (CMT)
score and clinical changes in the mammary gland (Kovack et al., 2011).
The production of cytokines by macrophages suggests that APPs, specifically Hp can be
produced in several tissues like the kidneys, gastrointestinal tract, muscle, alveolar cells of the
mammary gland (Van Gorp et al., 2010), lung (D’Armiento et al., 1997), and oviduct (Lavery et
al., 2004). These tissues are highly vascularized and contain extensive capillary beds to
maximize exchange of blood from mammary arteries to capillaries, draining into interstitial
tissues. The increased blood flow also increases circulating leukocytes and macrophages in the
tissues. Tissue inflammation results in increased cytokine and lysosomal activity in epithelial
cells and production of arachidonic acid from prostaglandins. These factors expedite transfer of
leukocytes and APPs into the tissue. In the case of the mammary gland the blood-milk barrier
leaks due to the loosening of tight junctions during mastitis. In a healthy mammary gland,
leukocytes are transported between blood and tissues through para-cellular transportation and are
incorporated into the milk in the intralobular milk collecting duct from the superficial inguinal
lymph node, dorsal to the gland. These leukocytes can migrate to the site of inflammation, and
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are induced to generate cytokines and APP further recruit other cells required to resolve
infection. These leukocytes will die and be incorporated into the whey while APP are bound to
albumin for solubility to be ejected from the gland during milking.
Confirmation of leukocyte increase with milk Hp concentration has been shown with
significant relationship between milk Hp and CMT score in cows with mastitis (Nielsen et al.,
2004). Milk Hp and somatic cell count ah a strong positive correlation, proving to be an
indicator of infection severity (Khoshvaghti et al., 2009). Hirvonen et al. (1999) demonstrated
that milk Hp is elevated prior to the increase in somatic cell count, in cows with clinical mastitis.
Elevated Hp concentrations in milk may also contribute to circulating Hp levels (Hiss et al.,
2004; Thielen et al., 2007). Hiss et al. (2004) demonstrated there is a rapid increase in Hp
concentration of milk from infected quarters; quarters treated with LPS increase followed by a
decrease to normal levels while serum levels continue to rise with time of treatment. The early
increase of Hp in milk confirms the hypothesis that Hp synthesis occurs in the mammary gland.
Ekersall et al. (2001) concluded that the failure to distinguish mild and moderate cases of
mastitis was due to the extrahepatic synthesis of Hp by the mammary gland in combination with
serum Hp leaking across the blood-milk barrier.
In addition to bacteria, there is also a link between the acute phase response and noninflammatory stress (Murata, 2007). Kim et al. (2011) classified stress in to three categories:
physical, psychological, and a combination of the two. Psychological stress, which is a
perceived danger that lacks a physical stressor, such as weaning of calves (Kim et al., 2011).
Psychological stresses are thought to activate the hypothalamic-pituitary-adrenal axis via the
nervous system cascading into acute phase responses (Johnson et al., 2005; Kelly et al., 1994) to
affect the immune system (Sivakumar et al., 2010). A common theory is that stress responses
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suppress immune activity thus increasing the susceptibility of the animal to disease (Kim et al.,
2011).
Adaptive Immune Response
After induction of innate immunity by pathogen recognition, the adaptive or acquired
immune response is required to prevent and promote antigen-specific responses in the future.
This branch of the immune system is based on the systematic elimination of pathogens through
antibody synthesis and cell mediated immunity. Leukocytes that take part in the innate immune
response phagocytize pathogens and present pieces of the pathogen on their cell wall (e.g.,
macrophages). Lymphocytes, presented antigen from dendritic cells, are leukocytes that are
activated when presented with a foreign peptide antigen. The antigen presented on the outside of
the cell stimulates T-lymphocytes to stimulate B-lymphocyte expansion in the lymph node.
These B-lymphocytes secrete antigen specific antibodies to fight the pathogen. The adaptive
response takes more time to mount a response however it is more specific.
Lymphocytes act by recognition of antigen by membrane receptors that give them
specificity and memory. Once an animal is exposed to a pathogen lymphocytes, specifically Bcells, retain antibody memory for future immune challenges (Stelwagen et al., 2009). During the
periparturient period and subsequent lactation, when stress and pathogen exposure are high,
lymphocytes in circulation increase (Merril and Smith, 1954). In circulation, T-lymphocytes
with a cellular marker cluster of differentiation 4 (CD4+), have been identified as the
predominate T-cell subset (Shafer-Weaver et al., 1996). These CD4+ cells are known as Thelper cells, involved in memory response following antigen recognition as well as cytokine
production (Sordillo and Streicher, 2002; Riollet et al., 2000; Worku et al., 1994). In contrast to
circulation the mammary gland has been shown to have a predominate CD8+ T-cell population
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(Shafer-Weaver et al., 1996). These cells are recognized as cytotoxic T-cells that act as
cytotoxic cells. It has been shown that even in the healthy mammary gland lymphocyte numbers
fluxuate through lactation (Taylor et al., 1994; Park et al., 1993; Park et al., 1992). This has been
attributed to the population of memory T-lymphocytes in the mammary gland (Taylor et al.,
1994) as well as the lack of efficiency of antigen presenting cells in the mammary gland (Waller,
2002). It has been further shown that CD8+ T-cells in the mammary gland during a bacterial
infection can function as suppressor cells allowing a chronic subclinical infection to establish
(Park et al., 1993; Hisatsune et al., 1990). Cytotoxic T-cells combine immune suppressive
function with the removal of epithelial cells thus increasing susceptibility to infection (Taylor et
al., 1994). However, cytotoxic T-cell function changes through lactation. Postpartum
lymphocytes did not express cytotoxic activity but express IL-4, which promotes B-cell
differentiation. Mid-lactation lymphocytes expressed cytotoxic activity combined with IFN-γ
(Park et al., 1993). Unlike T-cells, B-cells have been shown to remain constant though lactation
(Paape et al., 2002; Shafer-Weaver et al., 1996) and infection (Riollet et al., 2001).
Individual B-cells produce antigen specific antibodies or immunoglobulins (Igs). Once
antigen is encountered a naïve B-cell is activated and differentiates into a plasma cell able to
secrete antibodies (Alberts et al., 2002). These effector cells contain membrane bound
antibodies that serve as antigen receptors while also secreting antibodies into circulation.
Effector cells produce large amounts of antibody during maturation, once they reach growth and
differentiation potential they are classified as plasma cells. Majority of these cells die post
maturation, however numerous are able to survive for long periods of time in bone marrow
continuing secretion of antibodies into circulation (Alberts et al., 2002).
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It has been demonstrated that E.coli is the predominant bacteria causing uterine infection
postpartum that subsequently impairs reproductive function (Bicalho et al., 2012; Machado et al.,
2010). Early uterine contamination leads to Fusobacterium necrophorum (F. necrophorum) and
Trueperella pyogenes (T. pyogenes) infection (Bicalho et al., 2012). These common pathogens
are known to induce metritis and endometritis (Bicalho et al., 2012; Machado et al., 2012).
Based on these observations Machado et al. (2014) created inactivated recombinant proteins
from whole cells of E. coil, F. necrophorum and T. pyogenes to vaccinate heifers between 230260 days of gestation. Vaccinated heifers had increased serum IgG titers against all antigens
with the subcutaneous vaccinations reaching higher levels than heifers vaccinated intravaginaly.
Subcutaneous vaccination also resulted in a decrease in the incidence of puerperal metritis but
not endometritis postpartum. This is supported by the intramuscular vaccination of cattle with
Histophilus somni, uterine secretions yielded high amounts of IgG from circulation (Butt et al.,
1993). Corbeil et al. (1974) demonstrated an increase of IgG in the bovine reproductive tract
post systemic immunization with Campylobacter fetus, drawing the conclusion that antibodies,
specifically IgG, work to facilitate opsonification in the reproductive tract. Opsonins work to
alert the body to foreign cells to make them vulnerable to phagocytosis by leukocytes (Jain,
2013). This theory would allow the innate immune system to recognize pathogens more readily
to phagocytize and clear the bacteria.
Reproductive Impacts
Pregnancy rates in dairy cattle have declined in the last 40 years, from 50-60% to 35-45%
(Royal et al., 2000; Stevenson, 2001). An interaction between the reproductive system and
immune response to infection or inflammation in non-reproductive organs or system in the body
has been proposed (Stofkova et al., 2009; Pittman, 2011). The first study to propose an impact
on fertility due to mastitis found that cows diagnosed with clinical mastitis between the first
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insemination and pregnancy check when compared to cows with clinical mastitis at other times
during lactation (Barker et al., 1998), when cows were inseminated according to estrus after 60
DIM. An increase in services per conception was observed in cows with clinical mastitis
between insemination and pregnancy check along with an increase in days to the first
insemination in cows with clinical mastitis prior to the first insemination. This finding was
verified by Santos et al. (2004); as cows with clinical mastitis had longer intervals to pregnancy
with the average days to conception increasing by a median of 20 days when compared to control
animals. Cows categorized by milk culture as having subclinical mastitis between first
insemination and pregnancy check had increased services per conception (Schrick et al., 2001).
Cows with subclinical mastitis that progressed to clinical mastitis had greater services per
conception averaging greater than four (Schrick et al., 2001). These pregnancy rates were
independent of mastitis causing bacterial species or type (gram-positive or gram-negative)
(Barker et al., 1998; Schrick et al., 2001).
Inflammatory diseases, as mastitis, increase proinflammatory factors. Increased
expression of IL-1α, IL-1β, TNF-α, and IL-12 have been shown by somatic cells from cows with
mastitis (Riollet et al., 2001). Induced and naturally occurring mastitis resulted in elevated
levels of circulating IL-1, IL-6, and TNF-α (Blum et al., 2000; Hoben et al., 2000; Nakajima et
al., 1997). Proinflammatory molecules increase production of nitric oxide (Blum et al., 2000;
Bouchard et al., 1999) and PGF2α in milk (Giri et al., 1984). Hockett et al. (2000) demonstrated
that cows with experimentally induced gram-positive mastitis had increased levels of 13, 14dihydro-15keto-prostaglandin F2α , the metabolite of PGF2α, in circulation post oxytocin
administration. These results led to the conclusion that cows with mastitis due to gram-positive
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bacteria may have increased sensitivity to PGF2α, which may result in an increase in PGF2α
receptors.
The production of PGF2α, nitric oxide, and TNF-α have demonstrated embryo toxic
effects. Administration of PGF2α to cattle undergoing P4 supplementation resulted in decreased
pregnancy rates (Buford et al., 1996; Seals et al., 1998). Soto et al. (2003b) showed that PGF2α
compromises oocyte maturation, but had no effect on fertilized embryos. Nitric oxide has shown
toxic effects through its interaction with O2- to form oxidant peroxynitrate (Hobbs et al., 1999).
Increases in vasoconstriction have been shown as a result of nitric oxide signaling, which can be
impaired by binding of Hb (Rother et al., 2005). Bovine embryos cultured with a nitric oxide
donor, sodium nitroprusside dehydrate, inhibited development to blastocysts (Soto et al., 2003a).
The addition of TNF- α to culture medium resulted in a decreased proportion of oocytes
becoming blastocysts, while increasing the proportion of apoptotic blastomeres (Soto et al.,
2003a). A feedback of these molecules due to proinflammatory molecules can affect the uterus.
Production of TNF-α in circulation during mastitis (Blum et al., 2000) can cause the
endometrium to produce PGF2α (Skarznski et al., 2000). Nitric oxide production can then be
induced by TNF-α and PGF2α (Perez et al., 1998). Changes in nitric oxide production have been
shown to inhibit gonadotropin releasing hormone (GnRH) during inflammation due to IL-1
release interfering with LH (McCann et al., 2000). Therefore, mastitis can cause the release of
cytokines like TNF-α into circulation inducing PGF2α release from uterine endometrial cells
resulting in luteolysis. Darbon et al. (1989) reported that TNF-α inhibited LH receptor formation
by blocking FSH’s stimulation in rat the in vitro. Due to this action it was hypothesized that
during inflammation and subsequent TNF-α release, granulosa cell differentiation under FSH
was reduced. Therefore, TNF-α alters estrogen production for follicle growth, maturation, and
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subsequent ovulation due to decreased LH receptors (Darbon et al., 1989). Systemic endotoxin
administration resulted in an increase in circulating 13, 14-dihydro-15keto-prostaglandin F2α
(Jackson et al., 1990). Gilbert et al. (1990) showed that intrauterine infusion of E. coli in heifers
on days 7-9 of the estrous cycle resulted in shortened estrous cycles.
An additional proposed mechanism of increased services per conception for mastitic
cows is dysfunction of the hypothalamic-pituitary-ovarian axis. Cytokines, including IFN-α
(Barros et al., 1992), have been shown to decrease luteinizing hormone (LH) release from the
pituitary (McCann et al., 2000). Cortisol also has been shown to decrease LH secretion during
mastitis (Hockett et al., 2000), stressful events (Stephens, 1980), and systemic challenges (Kujjo
et al., 1995; Peter et al., 1989). In heifers, endotoxin administration preceding estrus suppressed
LH concentration through GnRH pulse suppression (Battaglia et al., 1996), maintained
anovulatory follicles resulting in follicular cysts, and subsequently delayed ovulation (Peter et
al., 1989; Suzuki et al., 2001), as elevated cortisol concentrations with decreased follicular size
(Peter et al., 1989). Hockett et al. (2002) also showed elevated cortisol levels resulted in a delay
of estrus behavior in cows with induced mastitis. The proposed mechanism is the result of
research involving bacterial induced inflammation of the mammary gland. Leukocytes are
drawn to the tissue and produce proinflammatory cytokines that act in tissue and circulation to
increase proinflammatory responses, thus recruiting more leukocytes to tissue to resolve the
infection. In circulation these cytokines act on various leukocyte and endothelial cells increasing
secondary inflammatory products like nitric oxide and PGF2α while inhibiting hormone feedback
needed for normal reproductive function (Hansen et al., 2004). Hockett et al, (2002) observed
decreased estrus expression in cows with clinical mastitis eight days post PGF2α administration.
A decrease in circulating E2 levels was observed in experimentally-induced mastitic cows with
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infected animals lacking estrus behavior (Hockett et al., 2005). Pulsatile frequency of LH was
decreased in infected cows lacking estrus behavior (Hockett et al., 2005). Intravenous
administration of endotoxins in ewes blocked the preovulatory rise of E 2 and the LH surge while
decreasing LH pulse frequency and estrus behavior (Battaglia et al., 1999). A small dose of
endotoxin was sufficient to decrease GnRH which blocked LH pulses in some ewes (Battaglia et
al., 2000). Cytokines and other proinflammatory mediators may suppress GnRH release
affecting subsequent gonadotrophin release therefore affecting cyclicity (Hockett et al., 2005).
Coupled with cytokine production the acute phase response also is activated. Production
of Hp by macrophages and neutrophils (Levy et al., 2010; Theilgaard-Monch et al., 2006)
increases with hemolysis and leukocytosis (Rother et al., 2005). Patterns of Hp release vary
between species and degree of inflammation. In humans there are two Hp alleles (Wicher and
Fries, 2010), giving rise to three unique Hp phenotypes (Hp1-1, Hp2-1, and Hp2-2) in which αchain duplication causes the Hp2 allele (Levy et al., 2010). These three phenotypes are
implicated in the concentration of plasma Hp levels, with the Hp1 allele having higher average
concentrations followed by the heterozygous and Hp2 homozygous genotypes (Nielsen and
Moestrup, 2009). In dairy cattle, high Hp serum concentration has been implicated with
decreased reproductive efficiency. Nightingale et al. (2015) demonstrated that increasing Hp
concentration two to eight days postpartum increased days to conception. This study proposed
that increase in the acute phase response, triggered by upregulation of innate immune responses,
suppressed mitogen induced IFN-γ secretion negatively impacting reproduction. Plasma Hp
levels one to three weeks postpartum also increased with bacterial contamination in the uterus
(Sheldon et al., 2001). Galvao et al. (2010) demonstrated that cows with clinical metritis had
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elevated plasma Hp levels 7 DIM and returned to baseline by 14 DIM. In the same study cows
with subclinical metritis did not show elevated plasma Hp.
Further evidence of Hp concentration negatively affecting days to conception has been
shown (Huzzey et al., 2015). Evidence of decreased hepatic function was shown in cattle with a
negative energy balance, increased bilirubin levels, and increased plasma Hp concentrations
(Bertoni et al., 2008). This study also showed that cows in this group exhibited lower fertility
with greater number of days open, greater services per conception, and lower than average milk
yield at 28 DIM.
Cows with low incidence of disease at 20-26 DIM that also had high systemic
haptoglobin (> 3 mg/mL), above herd average milk yield (42.67 kg/day), and low blood
lymphocyte (< 2.5 cells/µL) and monocyte (< 0.8 cells/µL) counts had higher pregnancy rates to
first service than their herd mates. Lymphocyte and monocyte concentrations were correlated
with total white blood cells in circulation (Akers, 2014; Figure 1).
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Figure 1: Nonparametric coefficients between blood constituents in dairy cattle at 20-26 DIM
that were grouped based on outcome of pregnancy diagnosis at 95 DIM [significant correlation
(p<0.05) values indicated (*) and trends indicated (±)]. (A) non-pregnant cows; trend in Mono
– WBC (p<0.08); (B) pregnant cows. Hp = Haptoglobin, MY = Milk yield, WBC = White blood
cells, Lymph = Lymphocytes, Mono = Monocytes (Akers, 2014).

The lack of specificity of Hp as a biological marker comes with advantages and
disadvantages. The broad spectrum of stressors resulting in the acute phase response cause an
unspecified increase in Hp 50-100 times basal levels (Kim et al., 2011). Combination of APPs
(Perterson et al., 2004), body temperature, and clinical exam would improve diagnosis and
causation of the acute phase response (Ceron et al., 2005). Huzzey et al. (2009) proposed a
sensitivity scale of Hp to identify cows in need of treatment. A cut off point of >400 μg/mL of
plasma Hp was recommended to identify cows that need further clinical examination to
determine disease status. Plasma Hp threshold of >1400 μg/mL gave necessity for antibiotic
treatment. These findings hold promise for the use of APPs not only as a biomarker for disease
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but also fertility in dairy cattle. The endocrine, metabolic, and physical changes that make up the
transition period (Goff and Horst, 1997), force the modern dairy cow into a state of altered
homeostasis. The characterization and rebalance of homeostasis can give insight into the future
immune and fertility status of the lactating dairy cow. The culmination of previous literature
provides insight into the proposed pathway of cellular mechanisms between tissues and
circulation as shown in Figure 2.
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Figure 2: Proposed pathway for the interaction of systemic and local cellular components affecting the outcome of the first service in
the lactating dairy cow. APR = Acute Phase Reaction, RBC = Red Blood Cells, WBC = White Blood Cells, Hp = Haptoglobin, Hb =
Hemoglobin, Hp:Hb = Haptoglobin Hemoglobin Complex, IL-6 = Interleukin 6, TNFα = Tumor Necrosis Factor alpha, PGF2α =
Prostaglandin F2α, ROS = Reactive Oxidative Species, PG Synthase = Prostaglandin Synthase, AA = Arachidonic Acid, PGH2 =
Prostaglandin H2, PGE = Prostaglandin E.
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II.

Statement of the Problem

The change in concentrations of hormones in the transition period that induced calving, the
physical stress of calving, and the immediate onset of lactation combine to create an immune
compromised animal. The decrease in DMI prepartum and the need postpartum for increased
energy due to milk production puts the cow in a state of negative energy balance. Because of the
high demand for protein, glucose, and fat in the first few weeks post calving, the cow draws
these nutrients from her body reserves which opens the animal to clinical and subclinical
infections that have the potential to impact health, production, and subsequent fertility. The aim
of this study was to use leukocyte counts and Hp concentrations as biomarkers of health status
and to associate those biomarkers and milk yield on reproductive success in dairy cattle (Figure
4). Specific objectives included: 1. Examine for relationships among biomarkers in circulation,
uterus, and mammary gland milk samples to determine health status as identified through
physical symptoms and milk yield, and 2. use biomarkers and milk yield at prebreeding (20-26
DIM) to predict likelihood of becoming pregnant at first insemination (54-60 DIM).

III.

Materials and Methods

This study was conducted during the winter of 2014 through spring of 2015 at DoVan Farm
in Berlin, Pennsylvania (708 m above sea level; 39º55’12’’N, 78º57’0’’S), a commercial dairy
farm that milks approximately 700 Holstein Friesian cows three times daily at 0400, 1300, and
2200. Cows were housed in free stall barns year round and fed a total mixed ration once daily
free choice with push-ups. Rolling herd average of this farm is 10,433 to 10,886 kg/year with a
reproductive cull rate of 5%, 22% pregnancy rate, and 2.3 services per conception. Conception
to first service was 37% with an average of 115 days open, while maintaining a 13.0 month
calving interval. DoVan maintains consistency with timing of the first artificial insemination
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~60 DIM whether cows show estrus or are put on an ovulation synchronization protocol and
inseminated at a fixed time. Blood and quarter milk samples were collected from 101
postpartum multiparous and 25 postpartum primiparous animals at examination periods:
prebreeding (20-26 DIM), breeding (55-60 DIM), and pregnancy (90-95 DIM). Uterine cytology
and culture samples were collected at prebreeding check (20-26 DIM; Figure 3). Milk leukocyte
differentials were determined using QScout MLD slides in the QScout Farm Lab (Advanced
Animal Diagnostics, Morrisville, NC) on farm. Experimental mode hospital cow setting was
used to perform complete cell differentials without adjustment for stage of lactation (Figure 4).
PCDart Dairy Management Software (Dairy Records Management Systems, Raleigh, NC) was
used to collect milk weights, incidences of disease, prebreeding and breeding information, and
pregnancy records. Three day milk weights prior to sampling were recorded and averaged.
Confirmation of pregnancy and disease status were assessed by an experienced veterinarian.

Figure 3: Sampling timeline in tissue and circulation.
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Cell Counts based on QScout diagnosis
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Figure 4: Cell differential counts from QScout Farm Lab set to experimental mode in hospital
cow setting for pooled milk samples from cows milking all four quarters, grouped by QScout
mastitis diagnosis 20-26 DIM. Positive cows n = 45, negative cows n = 69. SCC= somatic cell
counts.

Blood Sampling
The ventral side of the caudal tail vein was disinfected with a 70% alcohol solution, and
blood was collected by venipuncture using a 20 gauge needle into two sterile 10 ml collection
tubes containing 0.10 ml EDTA (Coviden, Mansfield, MA) and chilled for transport. One tube of
whole blood was sent to Advanced Animal Diagnostics (Durham, NC) for automated cell counts,
which were performed within 48 hours of collection. Samples were analyzed on Advia 120
(Siemens, Malvern PA) or CELL-DYN (Abbott Diagnostics, Abbott Park IL) analyzers for white
blood cell peroxidase counts or white blood cell optical count and white blood cell impedance
count. The remaining tube of blood was transported on ice to the laboratory and centrifuged at
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1275 xG for 20 minutes at 4˚C. Plasma was removed and stored in aliquots at -80 ˚C until
assayed for Hp by enzyme-linked immunosorbent assay (ELISA assay; Life Diagnostics, West
Chester PA).
Milk Sampling
While wearing disposable gloves, the teat end was cleaned and stripped 3 times.
Individual quarter milk samples were collected into the QScout Q4 milk collection tray
(Advanced Animal Diagnostics, Morrisville, NC) and capped immediately. Then beginning with
the front teats, sterilized gauze soaked in 70% ethyl alcohol was used to clean the teat end while
applying pressure on the teat in a downward direction to expose the sphincter. After cleaning the
rear teats, new gloves were obtained, and sterile milk samples were collected midstream into
sterile conical tubes held 45º perpendicular to the ground. Samples were placed immediately on
dry ice for shipment and culture at the Mastitis Laboratory at North Carolina State University
Veterinary School (Raleigh, NC). Aliquots of from each quarter were pooled for each cow and
frozen for subsequent determination of Hp by ELISA assay (Life Diagnostics, West Chester PA).
Uterine Cytology
Endometrial cells were obtained via uterine cytology brush for large animal use
(Jorgensen Labs Inc., Loveland, Colorado). The sterile rod was guided via rectal palpation into
the vagina and to the cervix. The internal sheath was passed through the cervix, and the brush
was then guided into the uterus. Endometrial cells were obtained by rolling the brush over the
surface of the uterine body and rotating the brush head. The brush was retracted into the rod and
removed from the uterus (Kasimanickam et al., 2005).

The brush was swabbed with sterile

transport swabs and placed in Amies transport medium (Fisher Scientific, Pittsburgh PA) for
anaerobic and aerobic bacteria culture by Antech Diagnostics (Medina, OH). The brush head
was suspended in 5 ml of Roswell Park Memorial Institute 1640 medium (RPMI; Fisher
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Scientific, Pittsburgh PA) for cytological analysis at Antech Diagnostics (Medina, OH). All
samples were chilled for overnight shipping. A representative sample (250ul) of the suspended
cells was placed on a glass slide for cyto-centrifugation in a Shandon Cytospin 4 (Thermo
Scientific, Waltham MA). Slides were dried and stained by a Wescor Aerospray slider stainer
(ELITesch Group, Puteaux, France) and read by a pathologist.
Health Status
An experienced veterinarian diagnosed disease status at each time point and administered
treatment as necessary (Table 2). Diseases were grouped into five categories; metabolic (milk
fever, ketosis, digestive, left displaced abomasum, or diarrhea), reproductive (abortion, retained
placenta, metritis, calving difficulty, or twin birth), structural hoof root or lameness), and
infectious diseases (pneumonia and Salmonella), mammary (mastitis), and QScout Farm Lab
mastitis diagnosis [positive cow diagnosis for one or more positive quarters (independent from
mammary diagnosis by producer)]. Treatment and disease incidences were entered into PCDart
from parturition through 90 DIM or through cull date. QScout leukocyte differentials and
mastitis diagnosis were recorded from QStatsTM (Advanced Animal Diagnostics, Morrisville,
NC).
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Table 2: Disease frequency by health category at each sampling period.
Postpartum

Prebreeding Postbreeding

(20-26 DIM)
N = 126

(54-60 DIM)
N = 126

(90-96 DIM)
N = 124

Metabolic

7

1

4

12

Reproductive

46

1

0

47

Structural

8

13

7

28

Infectious

2

1

1

4

Treated

1

2

2

5

Positive QScout
Farm Lab Mastitis
Diagnosis

51

61

61

173

Total

Mammary

Reproductive Measurements
Cows were palpated rectally weekly postpartum for the evaluation of the uterus. Manual
uterine massage or “rakes” were performed as necessary. The veterinarian determined the
presence of ovarian structures and preformed routine pre-breeding examinations (20-26 DIM).
Cows received an injection of PGF2α analog (Estrumate© Intervet/Merck Animal Health
Summit, NJ) at prebreeding. Pre-synchronization (Pre-synch) was initiated 35-41 DIM with
ovulation synchronization (Ovsynch program) 14 days later (49-55 DIM). Tail chalk was used
daily as an estrous detection aid and cows were artificially inseminated 12 hours after external
signs of estrus by experienced breeders who checked the herd daily. If cows did not show signs
of estrus, they were inseminated 48 hours after the second GnRH injection of the Ovsynch
program (Pursley et al., 1995). Pregnancy diagnosis was determined via rectal palpation and
ultrasound 26 to 32 days post artificial insemination (90-96 DIM).
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Statistical Analysis
Pregnancy rate was calculated using all cows present during the experiment. Cows that
were culled or deceased were recorded as non-pregnant. A power test was conducted based on
the results of Akers (2014), revealed that a sample size of 100 cows allowed for a power of
greater than 95%.
Data were transformed using log10 or square root (x+1) to normally distribute cell counts
and percentages, respectfully. Means and standard deviations of untransformed data are used in
plots of data. Independent t-tests were performed on quarter samples of milk cell counts with
repeated measures. Milk leukocyte data at 20-26 DIM were analyzed beginning with cows
milking all four quarters using dependent t-tests performed front and rear quarters and side to
side quarters. Finding no significance and difference further analysis used the pooled milk
samples within cow. Repeated measures ANOVA was performed on all cell differentials for
pooled milk, blood, uterine cytology, and concentrations of Hp in milk and plasma followed by
Tukey-Kramer with adjustments for multiple comparisons. Relative risk was calculated for
pregnancy prediction models. Multivariate correlations were performed on biomarkers.
Analysis of covariance on pregnancy status was performed using GLM procedure of SAS.
Logistic regression was systematically used for predictive models of pregnancy in a backward
elimination. Due to the large number of variables in the full model, variables were grouped into
physiological cohorts. Blood variables included plasma Hp and leukocytes in circulation. Milk
variables included milk leukocytes, QScout udder diagnosis, lactation, milk yield, culture status,
and milk Hp. Uterine variables included culture status and uterine leukocytes. Health variables
included calving difficulty, illness status, treatment status, and individual disease category.
Conception rates were analyzed by chi square analysis with Fisher’s exact test used when
expected count was less than five. Data were analyzed using JMP and SAS software (JMP®,
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Version Pro 11, SAS Institute Inc., Cary, NC, Copyright ©2013; SAS®, Version 9.3, SAS
Institute Inc., Cary, NC,Copyright ©2002-2010). Significance criterion alpha level for all tests
was 0.05.

IV.

Results

Study Statistics
Animals consisted of 25 first lactation and 101 2nd-4th lactation cows (45 2nd lactation, 27
3rd lactation, and 29 4th lactation). During the study, four cows were culled. The days to first
service averaged 72.5 with a 35.7% conception rate to first service. Average number of days to
second service was 113 with second service conception rate being 35.8%. Services per
conception averaged 2.3 for pregnant animals and 2.9 overall; conception rates between
technicians did not differ significantly. Rolling herd average milk production was 10,433 kg
with a study average of 41.96 kg/day.
Health Status
Incidence of health status was based on farm treatment for clinical illness as directed by
the veterinarian and diagnosis of mastitis by the QScout Farm Lab. The majority of illnesses
treated during the postpartum period were reproductive (abortions, retained placentas, metritis,
calving difficulty > 3, and twin births; n = 46). Over time incidences of reproductive disorders
decreased and positive QScout Farm Lab diagnoses increased (Table 3).
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Table 3: Disease frequency with illness count
Total
Illnesses
Found

Total
Treated
Animals

Structural
Disorder

Infectious
Disorder

Mammary
Disorder

QScout
Udder
Diagnosis
Positive

Postpartum
(0-26DIM)

88

64

7

46

8

2

1

51

Prebreeding
(26-60 DIM)

67

18

1

1

13

1

2

63

Postbreeding
(60-90 DIM)
Total

66

14

4

0

7

1

2

63

221

96

12

47

28

4

5

177

Treated by Farm
Metabolic Reproductive
Disorder
Disorder

Disease frequency over time by disorder n = 126. Total illnesses found (incidences of treatment
by the producer and positive QScout Diagnosis cows), total treated animals (total incidences of
treatment by the producer), metabolic disorders (treated for milk fever, ketosis, digestive,
displaced abomasum, or diarrhea), reproductive (treated for abortions, retained placentas,
metritis, calving difficulty, or twin birth), structural (treated for hoof root or lameness),
infectious (treated for pneumonia or salmonella), and mammary (treated due to one or more
quarters clinically infected).

Healthy animals during the postpartum period had a conception rate of 50% compared to
30.7% conception rate for animals with an illness (p = 0.0387). Healthy animals were 1.76 times
more likely to become pregnant to the first breeding than treated (p = 0.0209). Primiparous
animals were 2.64 times more likely to become pregnant if they did not have an illness in the
postpartum period (p = 0.0227). Multiparous cows without postpartum illness had a 40%
conception rate compared to those that did not conceive on the first breeding; however, they
were only 1.43 times more likely to become pregnant (p = 0.194).
Animals with a reproductive disease 0-26 DIM, including positive uterine culture, had a
31% conception rate to the first AI compared to 67% conception rate in healthy animals (p =
0.0430). Animals with an infectious, structural, or positive QScout Farm Lab diagnosis had a
54% conception rate (Figure 5). Cows without calving difficulty had a 42% conception rate,
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whereas cows needing assistance calving had a 19% conception rate (p = 0.0223). Cows that did
not have a positive uterine culture but had calving difficulty (n = 10), had a 20% conception rate
(p = 0.07), compared to cows with a positive uterine culture or calving and calving difficulty.

Pregnancy status by health status grouping

Conception Rate

Pregnant

Open

Healthy

Repro

Met Other

Figure 5: Pregnancy status by health status grouping 20-26 DIM n = 126. Grouped by healthy
(n = 12), reproductive disease and positive uterine culture= Repro (n = 97), metabolic=Met (n
= 4), other (infectious, structural, and positive QScout Farm Lab diagnosis; n = 13) (p =
0.0430).

Milk Analysis
Mastitis quarter infection rates did not differ between front and rear quarters and left to

right. Quarter milk samples had higher cell counts (p < 00.0001) in mastitis positive quarters.
Counts for all cell types differed (p < 0.0001) between positively and negatively diagnosed cows.
Percent composition of monocytes were higher (p = 0.032) in the front quarters regardless of
mastitis status (p = 0.027).

No difference was found between front and rear quarters and side to

39

side for other quarter leukocyte differentials and, therefore, pooled milk leukocyte counts were
used in the remainder of the analyses.
Cell counts increased between 20-26 and 54-60 DIM as well as 20-26 and 90-96 DIM in
SCC (p = 0.0330, p = 0.0017 ), neutrophils (p = 0.0134, p = 0.0007), and monocytes (p = 0.0431,
p = 00.0001). Lymphocytes did not change over time (p = 0.3514, p = 0.1777). Lactation
significantly affected SCC (p = 0.0027), neutrophils (p = 0.0022), lymphocytes (p = 0.0187), and
monocytes (p = 0.0187). Days in milk affected SCC (p<.0002), neutrophils (p < 0.0001),
lymphocytes (p = 0.0040), and monocytes (p<0.0001; Figure 6).
No effect of DIM (p = 0.9577) or lactation (p = 0.9601) were found on milk leukocytes.
However, effect of QScout diagnosis positive was found (p < 0.0001) and a time by diagnosis
interaction (p = 0.0038) with all leukocyte types (Figure 6).
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Figure 6: Total somatic cell count and leukocyte differential over time. N = 126 No effect of time
or lactation on cell type (p = 0.9577 and p = 0.9601). Significant main effect of QScout Farm
Lab udder diagnosis on all cell types (p<0.0001) and interaction of time and QScout Farm Lab
udder diagnosis on all cell types ( p< 0.05) were found. No effect of lactation or QScout Farm
Lab udder diagnosis was shown.

Days in milk (SCC p = 0.0046, neutrophils p = 0.0013, lymphocytes p = 0.188, and
monocytes p = 0.0011), illness status (p<0.0001), and DIM by illness status (p<.0008) affected
all pooled milk leukocyte counts when cows were categorized by illness status as healthy or
having an illness. No lactation effect was shown (p = 0.9792).
Pooled milk Hp concentration was not affected by lactation (p = 0.9519), illness (p =
0.9264), or QScout Farm Lab udder diagnosis (p = 0.4582). However, interactions between
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lactation and illness (p = 0.0323) and lactation and QScout Farm Lab udder diagnosis (p =
0.0049) were significant (Figure 7). Pooled milk Hp concentration increased with increasing
SCC (p<0.0001) and milk neutrophils (p<0.0001; n = 63).
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Pooled milk haptoglobin concentrations
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20-26 DIM

Figure 7: Pooled milk haptoglobin concentrations N = 63. Lactation (p = 0.9510), illness (p =
0.9264), lactation*illness (p = 0.0323), QScout Farm Lab udder diagnosis (p = 0.4582), and
lactation*QScout Farm Lab udder diagnosis (p = 0.0049).

Blood Leukocyte Analysis
Main effects of lactation, DIM, QScout diagnosis, illness, and their interactions on total
leukocytes in blood were examined. Days in milk affected concentrations of neutrophils,
monocytes, eosinophils, and basophils (p < .01) when included with lactation, QScout udder
diagnosis, and their interactions.

No other effects of lactation or interactions were found

(Figure 8). Days in milk affected TLC, neutrophils, monocytes, eosinophils, basophils (p < .01)
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when modeled with illness status, lactation and their interactions. Lactation was only significant
with monocytes (p = 0.02) and basophils (p = 0.018) modeled with health status.

White Blood Cell Differentials

Cell count (1,000s/mL)
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8
TLC
Neutrophils
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Postpartum 0-26 DIM

Healthy

Illness

Healthy

Illness

Prebreeding 26-60 DIM Postbreeding 60-96 DIM

Figure 8: White blood cell differentials over time by illness status (QScout Farm Lab positive
udder diagnosis and cows treated by the producer for illness) N = 126. Cows were considered ill
if they were treated in the period prior to sample collection or tested positive with the QScout
Farm Lab on collection day. A main effect of time was found (neutrophils p = 0.013, monocytes
p = 0.0052, eosinophils p = 0.0034, basophils p = 0.0003) with no overall lactation effect.

Blood leukocytes were correlated with milk leukocytes for all animals over all time
points. All milk leukocytes were correlated with total SCC (p < 0.05); all leukocytes in
circulation were correlated with WBC in circulation with no evident pattern (p < 0.05; n = 375;
Table 4). Milk neutrophils were correlated with blood neutrophils (p = 0.004), blood
lymphocytes (p = 0.0018), blood monocytes (p = 0.011), and blood banded neutrophils (p <
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0.0001). Milk lymphocytes were correlated with blood neutrophils (p = 0.001), blood
lymphocytes (p = 0.0008), blood monocytes (p = 0.013), and blood banded neutrophils (p <
0.0001). Milk monocytes were correlated with blood lymphocytes (p = 0.0068), blood
eosinophils (p = 0.009), and blood banded neutrophils (p < 0.0001).
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B Band
Neut

B Baso

B Eos

B Mono

B Lymph

B Neut

WBC

M Mono

M Lymph

M Neut

SCC

Table 4: Correlations between blood and milk leukocytes all animals 20-90 DIM

SCC
1
M Neut
1
0.993*
M Lymph
1
0.952*
0.924*
M Mono
1
0.792*
0.751*
0.686*
WBC
-0.029
-0.025
-0.025
-0.052
1
B Neut
0.0662
1
0.152*
0.15*
0.174*
0.573*
B Lymph
-0.172
-0.165* -0.177*
-0.143* 0.724*
-0.128* 1
B Mono
-0.065
-0.015
1
-0.131*
-0.134* -0.131*
0.247*
0.249*
B Eos
0.087
0.082
0.066
0.072
0.0636
1
0.137
0.253*
0.123*
B Baso
-0.008
0.005
-0.0427
-0.015
0.08
0.216
1
0.222*
0.123*
0.283*
B Band
0.006
-0.0008
0.1003
1
0.331*
0.341*
0.275*
0.274*
0.213*
0.233*
0.218*
Neut
Correlations between blood and milk leukocytes in all animals 20-90 DIM. Repeated measures as pairwise correlations between
pooled milk and blood constituents shown with 375 observations in 125 animals. SCC =somatic cell count, Neut= neutrophils, Lymph
=lymphocytes, Mono =monocytes, WBC =total blood leukocytes, B =blood, Eos = eosinophils, Baso = basophils, Band Neut
=banded neutrophils. Benjimini-Hochberg critical value was used to adjust the alpha level due to multiple comparisons. Correlations
shown with p < 0.05 indicated as * .
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Blood and milk leukocyte correlations were analyzed for cows treated by the producer
(Table 5; n = 5) again, there was no clear pattern. Milk neutrophils were correlated with SCC (p
= 0.0002) and milk lymphocytes (p = 0.0002) with milk lymphocytes and SCC being correlated
(p < 0.0001). Blood eosinophils were correlated with SCC (p = 0.031), milk neutrophils (p =
0.014), and milk lymphocytes (p = 0.013). Blood basophils were correlated with WBC in
circulation (p = 0.028).
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SCC
M Neut
M Lymph

1
0.997*

1

0.996*
0.790
-0.001
0.813
-0.614
-0.403
-0.968*
0.113

0.999*
0.7413
-0.084
0.816
-0.651
-0.445
-0.986*
0.03

B Band Neut

B Baso

B Eos

B Mono

B Lymph

B Neut

WBC

M Mono

M Lymph

SCC

M Neut

Table 5: Cows treated for mammary infection combined 0-96 DIM

1
0.7382
-0.081
0.802
-0.635
-0.427
-0.986*
0.0275

M Mono
1
WBC
0.677
1
B Neut
0.554
-0.173
1
B Lymph
-0.149
0.561
-0.905
1
B Mono
0.036
0.635
-0.803
0.969
1
B Eos
-0.522
0.242
-0.797
0.6985
0.506
1
B Baso
0.773
0.038
0.3615
0.4375
0.136
1
0.972*
B Band
Neut
0.597
0.5532
0.5365
0.803
0.388
0.808
-0.538
-0.455
-0.444
0.589
1
Correlations between blood and milk leukocytes in animals treated for mammary infections 20-90 DIM. Repeated measures as
pairwise correlations between pooled milk and blood constituents shown in 5 animals. SCC =somatic cell count, Neut= neutrophils,
Lymph =lymphocytes, Mono =monocytes, WBC =total blood leukocytes, B =blood, Eos = eosinophils, Baso = basophils, Band Neut
=banded neutrophils. Benjimini-Hochberg critical value was used to adjust the alpha level due to multiple comparisons. Correlations
shown with p < 0.05 indicated as * .
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Plasma Haptoglobin Concentration
Plasma Hp concentration was affected by DIM (p < 0.0001), QScout Farm Lab udder
diagnosis (p < 0.0001), illness status (p < 0.0001), and interactions of DIM by QScout Farm Lab
udder diagnosis (p = 0.0002) and DIM by illness status (p < 0.0001). A three way interaction
was also shown in DIM by lactation and illness status (p = 0.0384; Figure 9). Analysis of
plasma Hp concentration across lactation by illness status indicated differences at 54-60 DIM
and 90-96 DIM (p < 0.0001) with no difference at 20-26 DIM (p = 0.2906).
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Plasma haptoglobin concentrations
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Figure 9: Plasma haptoglobin concentrations over time by illness status (QScout Farm Lab
positive udder diagnosis and cows treated by the producer for illness) N = 124. Main effects of
time (p < 0.0001), QScout Farm Lab udder diagnosis (p < 0.0001), and illness (p < 0.0001) with
a time*lactation interaction (p = 0.0384). Postpartum 20-26 DIM (p = 0.2906), prebreeding 5460 DIM (p < 0.0001), and postbreeding 90-96 DIM (p < 0.0001).

Plasma Hp concentration was plotted by parity over time against SCC. Type three fixed
effects were evaluated for SCC with differences in lactation (heifers vs cows) (p = 0.0027), DIM
(p = 0.0002), and plasma Hp concentration (p = 00.0001). No interaction of DIM by lactation
was found (p = 0.646; Figure 10). A difference between heifer and cow plasma Hp
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concentration was found at 20-26 DIM (p = 0.043) but not at 54-60 (p = 0.50) or 90-94 DIM (p =
0.50).

Plasma haptoglobin concentration and milk
SCC over time
200

3000

180
2500

140

2000

120
100

1500

80
1000

60

40

Milk SCC cells/mL

Plasma Hp μg/mL

160

500

20
0

0
20-26 DIM
Heifer Milk SCC

54-60 DIM
Cow Milk SCC

Heifer Plasma Hp μg/ml

90-96 DIM
Cow Plasma Hp μg/ml

Figure 10: Plasma haptoglobin concentration and milk somatic cell count over time by parity. A
difference in parity (p = 0.0027) and time (p = 0.0002) but no interaction (p = 0.65) for SCC
was found. Plasma Hp was different between parities at 20-26 DIM (p = 0.043) but not at other
times (p = 0.50).

Pregnant vs. Open Cows
Multivariate correlations were examined at 20-26 DIM with pregnancy status at 90-94
DIM showing no discernable pattern. In pregnant cows WBC were positively correlated with
circulating lymphocytes (p < 0.0001), circulating neutrophils (p = 0.0027), and negatively with
milk yield (p = 0.041). In addition to neutrophils, milk yield in pregnant cows was also
negatively correlated with plasma Hp concentration (p = 0.0128), neutrophils (p = 0.0288), and
banded neutrophils (p = 0.0212). Neutrophils in pregnant cows were correlated with banded
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neutrophils (p = 0.0238), monocytes (p = 0.0086), and plasma Hp concentration (p = 0.0004).
Nonsignificant correlations existed between milk Hp concentration and plasma Hp concentration
(p = 0.09), milk Hp concentration and circulating banded neutrophils (p = 0.50), basophils and
lymphocytes (p = 0.933) and monocytes (p = 0.352). Milk Hp concentration was correlated with
plasma Hp concentration (p = 0.051) and banded neutrophils (p = 0.02) were correlated in open
cows. In open cows WBC were correlated with lymphocytes (p < 0.0001), neutrophils (p <
0.0001) and monocytes (p = 0.089). Basophils were correlated with lymphocytes (p = 0.0375)
and monocytes (p = 0.0214; Table 6).

Neut

Band Neut

MY

0.229
-0.09
0.009
0.297
0.528*
0.09
-0.364*

Mono

-0.092
-0.306
0.082
0.037
0.233
0.145
0.071

Baso

0.324

Lymph

0.326Ϯ

WBC count

Milk Hp
Pl Hp
WBC
count
Lymph
Baso
Mono
Neut
Band Neut
MY

Pl Hp

Milk Hp

Table 6: Correlations at 20-26 DIM by pregnancy diagnosis

0.036
-0.052

0.003
0.17

-0.293
0.005

-0.175
0.145

0.045
-0.092

0.474*
0.025

-0.194
-0.132

0.601*

0.206
0.258*

0.213Ϯ
0.078
0.285*

0.855*
0.173
0.078
0.14

0.09
-0.077
-0.059
-0.136
0.133

-0.007
0.078
0.219
-0.101
0.039
-0.18

0.717*
-0.062
0.213
0.457*
0.018
-0.321*

-0.013
0.023
-0.162
-0.232
-0.125

0.149
-0.112
-0.072
0.109

0.405*
0.263
-0.002

0.352*
-0.341*

-0.358*

Multivariate correlations blood, milk yield, and haptoglobin values at 20-26 DIM based on 9096 DIM pregnancy status of open (red cells) and pregnant (blue cells) animals. Spearmen ρ
values shown with p<0.05 indicated with * and trends of p<0.09 indicated with Ϯ. Milk Hp
(pooled milk haptoglobin concentration), Pl Hp (plasma haptoglobin concentration), WBC count
(total leukocyte count in blood), lymph (blood lymphocyte count), baso (blood basophil count),
mono (blood monocyte count), neut (blood neutrophil count), band neut (blood banded
neutrophil count), MY (milk yield).
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Correlations by Pregnancy Diagnosis
Milk yield alone did not affect conception rate (p = 0.8140). Mean plasma Hp
concentrations and mean milk yield were examined with cows producing higher than the average
milk yield by time point (low milk =<41.95 kg and high milk = >41.95 kg) and above or below
average Log10Hp (low = <1.5, high = >1.5 at T1; low = <0, high = >33 T2 and T3). Haptoglobin
concentration and milk categories were analyzed by pregnancy status over time. At 20-26 DIM
no difference was found in conception rates between groups (Figure 11). Conception rate at 5460 DIM showed no difference between groups (Figure 12).

Contingency analysis of haptoglobin/milk category at 20-26 DIM by pregnancy status

Haptoglobin/Milk Category
Figure 11: Contingency analysis of haptoglobin/milk production category at 20-26 DIM by
pregnancy at 90-96 DIM (n = 126). Haptoglobin is based on average log10 concentration by
time point (1.5). Milk production is based on average production low milk =<41.95 kg and high
milk = >41.95 kg. Pregnancy rates: HH = 37.04% (n = 27), HL = 42.11% (n = 39), LH =
34.29% (n = 35), and LL = 30.77% (n = 25; p =0.6587).
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Contingency analysis of haptoglobin/milk category at 54-60 DIM by pregnancy status

Haptoglobin/Milk Category
Figure 12: Contingency analysis of haptoglobin/milk production category at 54-60 DIM by
pregnancy at 90-96 DIM (n = 126). Haptoglobin is based on average log10 concentration by
time point (0). Milk production is based on average production low milk = <41.95 kg and high
milk = >41.95 kg. Pregnancy rates: HH = 42.86% (n = 20), HL = 25% (n = 19), LH = 34.09%
(n = 44), and LL = 39.02% (n = 43; p =0.6341).

Analysis of Hp/milk categories by illness status showed that at 20-26 DIM there was a
tendency for Hp concentration and milk production to be related to illness status (p = 0.0615;
Figure 13). At 54-60 DIM high Hp was related to illness status regardless of milk production (p
<0.0001; Figure 14).
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Contingency analysis of haptoglobin/milk category at 20-26 DIM by illness status

Haptoglobin/Milk Category
Figure 13: Contingency analysis of haptoglobin/milk production category at 20-26 DIM by
illness status 0-26 DIM (n = 126). Haptoglobin is based on average log10 concentration by time
point (1.5ng/mL). Milk production is based on average production low milk =<41.95 kg and
high milk = >41.95 kg. Illness rates: HH = 66.67% (n = 27), HL = 69% (n = 39), LH = 57.14%
(n = 35), and LL = 88% (n = 25; p =0.0615).

Contingency analysis of haptoglobin/milk category at 54-60 DIM by illness status

Haptoglobin/Milk Category
Figure 14: Contingency analysis of haptoglobin/milk production category at 54-60 DIM by
illness status 26-60 DIM (n = 126). Haptoglobin is based on average log10 concentration by
time point (0 ng/mL). Milk production is based on average production low milk =<41.95 kg and
high milk = >41.95 kg. Illness rate: HH = 95% (n = 21), HL = 89.47% (n = 19), LH = 36.36%
(n = 44), and LL = 34.88% (n = 43; p <0.0001).
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Uterine Cytology Analysis
Uterine leukocyte count was affected by udder diagnosis (p = 0.024). The interaction of
udder diagnosis and lactation (p = 0.018) is due to the interaction of lactation and udder
diagnosis borderline (p = 0.00067) with no heifers in this group. Cell types did not differ
between illness statuses at 20-26 DIM; total leukocytes, monocytes/macrophages, lymphocytes,
and neutrophils (Figure 15). Total leukocyte count did not differ between treatment (p = 0.1609)
or reproductive disease (p = 0.5378; n = 85).

Uterine Leukocyte Differentials
70

Cell Count

60
50
40
30
20
10
0

Healthy
Illness

Figure 15: Uterine cytology white blood cell differentials. Cell counts from uterine cytology
differentials performed 20-26 DIM by illness status, regardless of lactation.

Uterine Culture Analysis
Of the 126 animals 34% had negative uterine cultures (n = 43) and 42% were positively
cultured for a single bacterial species Bacillus (n = 53). Five additional animals cultured positive
for Bacillus in addition to a second or third bacterial species. The remaining animals presented
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with positive cultures of one or multiple bacterial species (Figure 16). Odds ratio showed if an
animal had a negative uterine culture they were 1.9 times more likely to become pregnant to the
first service having a 48.3% conception rate (p = 0.04; Figure 17).

Frequency of Bacterial Species
Streptococcus

3

Staphylococcus

3

Rhododoccus Equi.

1

Pseudomonas Putida

1

none

43

Enterococcus, E coli

1

Enterococcus

3

E. coli

3

E coli, Staphylococcus

1

Bacillus, Streptococci

2

Bacillus, Staphylococcus

4

Bacillus, Enterococcus

1

Bacillus, E. Coli

4

Bacillus, Arcanobacterium Pyogenes, Clostridium

1

Bacillus
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Aerococcus Viridans, Staphylococcus

1
0

10

20

30

40

50

Figure 16: Frequency of bacterial species in uterine culture n = 126.
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Uterine culture by pregnancy status

Conception Rate

Pregnant

Open

Negative

Positive

Figure 17: Contingency table of negative or positive uterine culture at 20-26 DIM by pregnancy
status at 54-90 DIM n = 126 (p = 0.055).

Health and Pregnancy Status
Cows treated for a postpartum illness had lower conception to the first AI than those
animals not treated for a clinical illness (p = 0.00123; Figure 18). Regardless of lactation,
healthy cows had 5.60 times more likely to become pregnant to first AI than those with both an
illness and positive uterine culture (p = 0.030), and 3.99 times the odds of pregnancy to the first
AI than those with one insult (illness or positive uterine culture; p = 0.031). Cows with one
insult (illness or uterine culture) were 1.89 times more likely to become pregnant first AI
compared to cows with an illness and positive uterine culture (p = 0.030; Table 7). Calving
difficulty affected conception to the first AI (p = 0.0223) but was not related to total uterine
leukocytes (p = 0.960) or uterine culture (positive, negative; p = 0.8067).
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Conception by postpartum treatment

Conception Rate

Pregnant

Open

Not Treated

Treated

Figure 18: Contingency analysis of pregnancy by postpartum treatment 0-26 DIM (not
treated/healthy, treated/ill) n = 126 with open cows (n = 80) and pregnant cows (n = 46;p =
0.00123).
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Table 7: Illness, uterine, and mastitis status 20-26 DIM
Illness Status 20-26 DIM

N
12

Healthy

Illness

Metabolic
Reproductive
Structural
Infectious
Metabolic and Reproductive
Reproductive and Mammary

2
8
2
1
1
1

Positive uterine culture
Metabolic
Reproductive
Structural
Reproductive and Structural
Positive
QScout Positive
Uterine
Culture and Reproductive and QScout positive
Structural and QScout positive
Infectious and QScout positive
Reproductive, structural, and QScout
positive

27
2
17
1
1
20
11
1
1

QScout Positive
QScout
Metabolic
Positive and Structural

10
2
4
126

Total:

2

Illness, uterine, and mastitis status based on QScout Farm Lab diagnosis 20-26 DIM. Count of
animals shown with single or multiple insults determined by an experienced veterinarian and
culture.

Predictive Models
Linear regression analysis was performed on all cell types between tissues. Total
leukocytes, lymphocytes, and monocytes in milk and circulation at all time points indicated a
negative regression from circulation to milk with significance found for lymphocytes of pregnant
cows (p < 0.05). Neutrophils showed no significance with negative regression from circulation
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to milk and milk to the uterus. Haptoglobin concentrations in circulation and milk concurrently
increased regardless of pregnancy status with a significant rise in open cows (p < 0.05; Table 8).

Table 8: Linear regression of cell types by tissue and pregnancy
Circulation by Milk
Total
Leukocyte
Count
20-26
DIM
54-60
DIM
90-96
DIM

Neutrophils

Lymphocytes

Monocytes

Preg

Open

Preg

Open

Preg

Open

Preg

Open

-1.090

0.270

-0.069

0.198

-0.954*

-0.065

-0.727*

-0.258

-1.009

0.070

0.396

0.327

-1.768*

-0.778

-0.534

-0.253

-1.336

-1.016

0.055

0.041

-1.199*

-0.888*

-0.572

-0.541*

Haptoglobin
Preg

Open

0.276

0.373*

20-26 DIM

Circulation
by Milk
Circulation
by Uterus
Milk by
Uterus

Total
Leukocyte
Count
Preg
Open

Neutrophils
Preg Open

-1.090

0.270

-0.069

0.198

-0.954*

-0.065

-0.727*

-0.258

66.7

42.63

0.168

0.271

0.546

-0.178

0.402

1.087Ϯ

-18.54

-8.289

-0.222

0.020

-0.104

0.051

-0.407

-0.111

Lymphocytes
Preg
Open

Monocytes
Preg
Open

Haptoglobin
Preg
Open
0.276

0.373*

Linear regression of cell types by tissue and pregnancy. Slopes shown with p<0.05 indicated as
* and trends of p < 0.09 indicated with Ϯ, Preg= pregnant.

Logistic Regression by Pregnancy
Pregnancy was set as the outcome with variables taken out systematically based on
significance level. Partial model results were combined to a main model with the variables
illness status, uterine culture, plasma Hp concentration, QScout Farm Lab udder diagnosis, blood
basophils, milk neutrophils and lymphocytes, and calving difficulty. The most predictive
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variable is shown as illness status (p = 0.0408) when used in the model alone. The combination
of illness status (p = 0.0333) and uterine culture (p = 0.0764) was the second most predictive
model (Table 9).
Table 9: Predictive equations generated by logistic procedure: Partial models

Pregnancy Status = Milk Neuts + Lymphs + QScout Udder
Diagnosis + Lact + MY + Hp/MY Cat + SCC + Monos +
Culture + Milk Hp
Pr > Chi Sq
Milk Partial Model
Neutrophils
0.0259*
+ Lymphocytes
0.0357*
+ Udder Diagnosis
0.199
Pregnancy Status = Plasma Hp + Basos + TLC + Neuts +
Lymphs + Band Neuts + Monos + Eos
Pr > Chi Sq
Circulation Partial Model
Plasma Hp
0.0854Ϯ
+ Basophils
0.0738Ϯ
Pregnancy Status = Uterine TLC + Monos + Lymphs +
Neuts + Culture
Pr > Chi Sq
Uterine Partial Model
Uterine Culture
0.2476
Pregnancy Status = Calving difficulty + Illness Stat + Trt +
Repo + Met + Struc
Pr > Chi Sq
Health Partial Models
Calving difficulty
0.0266*
Illness Status

0.0408*
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Predictive equations generated by logistic procedure continued: Overall Model
Pregnancy Status = Illness stat + Ut Culture + Plasma Hp +
QScout Udder Diagnosis + Blood Basos + Milk Neuts +
Milk Lymphs + Calving Diff
Pr > Chi Sq
Overall Models
Illness status
0.1119
+ Uterine culture
0.0022*
+ Plasma Hp
0.216
+ Udder Diagnosis
0.0307*
Illness status
+ Uterine culture
+ Plasma Hp
Illness status
+ Uterine culture

0.0378*
0.0704Ϯ
0.2689
0.0333*
0.0764Ϯ

Illness status
0.0408*
Predictive modeling for pregnancy based on status at 20-26 DIM using systematic logistic
procedure. Values shown with p < 0.05 indicated as * and trends of p < 0.09 indicated with Ϯ.
Milk Neuts = milk neutrophils, Lymphs = lymphocytes, Lact = lactation, MY = milk yield,
Hp/MY Cat = high or low Hp and high or low milk category, SCC = somatic cell count, Monos
= monocytes, Basos =basophils, TLC =total leukocyte count, Band Neuts = banded
neutrophils, Eos = eosinophils, Illness Stat =illness status, Trt =treatment, Repo = reproductive,
Met = metabolic, Struc = structural.

Repeated measures ANOVA in “proc mixed” form was performed to predict pregnancy
status 90-94 DIM due to illness status and plasma Hp at 20-26 DIM and 54-60 DIM. Postpartum
illness was different (p = 0.0487) with plasma Hp concentration (p = 0.4007), time (p = 0.9620),
and milk weight (p = 0.5587) were not different. No interaction between time and illness was
found (p = 0.2651) (Table 10). A predictive model was formed based on the pregnancy outcome
by the health status of the animal (p = 0.1199; Equation 1).
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Table 10: Plasma Hp by illness status
20-26 DIM
54-60 DIM
Plasma Hp
Pregnancy
Plasma Hp
Pregnancy
N
ng/mL
Rate
N
ng/mL
Rate
50%
59 13.75+ 13.06
37.30%
Healthy 38 110.67+ 22.0
88
91.21+12.7
29.50%
67
50.82+ 13.9
34.33%
Ill
Plasma Hp concentration by illness status at 20-26 DIM and 54-60 DIM n = 126. Illness status
and pregnancy rates are time independent.

Prediction of pregnancy based on illness and plasma Hp 20-26 DIM
logit(Pregnancy in healthy cattle) = 0.27 + 0.14 (log10 of blood Hp)
logit(Pregancy in cattle with an illness) = 0.25 + 0.04 (log10 of blood Hp)
Equation 1: Regression prediction of pregnancy based on health status and plasma Hp
concentration at 20-26 DIM n = 126. P = 0.1199.

V.

Discussion
Differences in concentrations occurred in cellular biomarkers in blood, the uterus, and

mammary gland; however, concentrations were not correlated between the mammary gland and
uterus or blood and the uterus. Concentration of milk leukocytes differed with diagnoses of
mastitis by QScout but did not change over time or between lactations. Concentrations of
circulating leukocytes did not differ between healthy and sick animals at any time. This
indicates that subclinical infections in a tissue do not affect other systems. However, leukocyte
infiltration into the mammary gland during bacterial infection (Nickerson and Heald, 1982) as
well as leukocyte diapedesis into circulation from the mammary gland has occurred in severe
cases of coliform mastitis (Sordillo et al., 1988). Severity of infection may be the cause of the
lack of leukocyte by illness difference in this study. Animals were treated for clinical infections
immediately after symptoms appeared.
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There was a negative relationship between number of blood and mammary gland
lymphocytes indicating the decrease of lymphocytes in milk with the increase in circulating
lymphocytes. This relationship was significant for pregnant cows when they were 20-26 and 5460 DIM. Furthermore, it was significant for all animals at 90-96 DIM; at this time a pregnancy
would have already been established. The difference in lymphocytes from blood and milk
between pregnant animals indicates the use of mastitis status as a predictor of pregnancy.
Increase in SCC proportionally increases neutrophils, lymphocytes, and monocytes. It has been
shown that parity increases mastitis incidences and SCC (Batra et al., 1977; Archer et al., 2013),
which was confirmed in this study with average SCC increasing with parity. Somatic cell count
was not significantly related to pregnancy status; however, milk neutrophil and lymphocyte
concentrations related to pregnancy status in partial pregnancy prediction models. Increase in
neutrophils and lymphocytes in milk were correlated with mastitis status. Thus, the increasing
severity of mastitis status can be negatively related to conception rate.
Milk neutrophils were related to pooled milk Hp concentrations as well as QScout
mastitis diagnosis and illness status. Hence, pooled milk Hp concentration at 20-26 DIM was an
indicator of mastitis status that is related to prediction of conception to the first insemination.
The lack of interaction between cellular biomarkers in any tissue and mastitis on conception rate
affirms the use of mastitis to model inflammatory events in cattle and their subsequent impact on
reproductive success (Barker et al., 1998; Schrick et al., 2001; Santos et al., 2004).
Haptoglobin has been shown in numerous cases to be an inflammatory marker for cattle
(Ceron et al., 2005; Peterson et al., 2004; Ekersall et al., 2001; Sheldon et al., 2001; Lipperheide
et al., 1997; Nakagawa et al., 1997) with concentrations increasing during bacterial challenges
(Lai et al., 2007; Petersen et al., 2004). Elevated milk and plasma Hp concentrations were
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shown in animals with an illness; however, elevated plasma Hp concentrations were also
exhibited in healthy postpartum animals. Haptoglobin becomes a more accurate predictor of
conception rate later in lactation, after the peak 20-26 DIM (Saremi et al., 2012; Ametaj, 2005;
Humblet et al., 2006; Hachenberg et al., 2007). Previous studies have found that primiparous
animals exhibit a higher acute phase reaction when compared to multiparous animals (Cullens,
2005; Saremi et al., 2012). Speculation has been made that this increase during the periparturent
period is due to the physical stress on the reproductive tract during calving (Saremi et al., 2012;
Hachenberg et al., 2007). Hoffmann et al. (1973) described endocrine changes surrounding
parturition, including the rise of glucocorticoids. These endocrine changes stimulate relaxation
of the cervix and uterine contractions inducing release of proinflammatory cytokines (van
Engelen et al., 2009) and increasing the acute phase response and subsequently plasma Hp
concentration.
After the initial peak at 20-26 DIM, plasma Hp concentration declined rapidly in healthy
animals having values below assay sensitivity in primiparous animals while the value was 20
ng/mL in multiparous animals, resulting in a time by lactation interaction. Multiparous animals
may not respond to physical stresses of parturition as markedly as primiparous animals, indicated
by lower Hp at 20-26 DIM. Elevated plasma Hp concentration after the transition period may be
a reflection of the increase incidences of clinical and subclinical disease in multiparous animals
(Akers, 2014).

Speculation that Hp is elevated during a negative energy balance (Crawford et

al., 2005) can also account for this increase early postpartum. Due to the peak in plasma Hp
production early postpartum, the use of plasma Hp concentration as the sole indicator of health
status (Horoadagoda et al., 1999) should be used with caution.
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The combination of milk production and plasma Hp concentration demonstrates a more
complete picture of health status as relating to future fertility of the dairy cow; reflected in the
Hp/milk categories at 54-60 DIM by illness status. Demetrio et al. (2007) demonstrated a
negative correlation between milk production and conception rate to AI of lactating dairy cows.
At breeding (54-60 DIM) animals with high plasma Hp concentration did not conceive to the
first insemination regardless of milk production. However, illness status by 54-60 DIM is not a
predictor of pregnancy to the first AI, indicating cows were able to overcome an illness obtained
after the transition period and conceive to the first AI.
Illness status at 20-26 DIM was a predictor of pregnancy to the first insemination with a
50% conception rate of healthy cattle. Reproductive insults were found to have the most
negative influence on first service conception. This is in agreement with Braun and Smith
(1980) who demonstrated lower first service conception rates correlated with increasing
reproductive disorders like calving difficulty, retained placenta, uterine infection, and cystic
ovaries. In the current study cows that had a positive uterine culture were less likely to
conceive. The combination of an illness status and positive uterine culture lowed pregnancy
rates further. With progesterone having an immune suppressive function on the uterus, the luteal
phase allows for a period of susceptibility of infection if contaminated with bacteria (Seals et al.,
2002; Lewis 2003a).
In the transition cow, once parturition occurs there are physical changes to the
reproductive tract (Sheldon et al., 2014; Senger 2012). An increase in calving difficulty can
cause these changes to become physical damage to the cow that take more time to repair
postpartum. Calving difficulty can be related to size or position of the calf. Calving difficulty
(>3) was shown to decrease conception rate to the first AI postpartum with no interaction of
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uterine culture. This indicates that assisted calving decreases probability of conception to the
first AI due to physical damage of the reproductive tract not due to infection introduced by
bacterial contamination. Having physical damage to the reproductive tract lengthens the time to
involution (Gier and Marion, 1968; Senger 2012) delaying subsequent conception.
The combination of calving difficulty, illness status by clinical signs, uterine culture, and
plasma Hp after the transition period allows producers a more accurate picture of a postpartum
dairy cow’s fertility to the first AI around 60 DIM. The low frequency of E. coli in the uterine
cultures indicates proper sampling procedures and lack of contamination of the uterus while
passing the cytology rod. The most frequent bacterial species found was the facultative
anaerobic gram-positive Bacillus. Bacillus spp. are typically found in decaying tissue like the
lochia of a uterus during involution. The use of best management practices, such as performing
uterine rakes during the early postpartum period allowing any lochia to be emptied more rapidly,
on this commercial farm allowed cattle to overcome certain fertility challenges. The practice of
using a presynch protocol to set up cattle to cycle prior to Ovsynch for breeding primes the
estrous cycle to cycle, further expelling any remaining loci. Exogenous PGF2α administered 14
days prior to initiating an Ovsynch or other timed AI protocol helped ensure the cows were day 5
through 12 or their estrous cycle for optimum fertility. Exogenous PGF2α increased lymphocyte
proliferation in vitro (Seals et al., 2002), which suppresses the action of P4 to allow leukocytes to
fight infection while lysing the CL. After intrauterine infusion of 100μg of LPS at estrus, repeat
breeder cows had flushing solutions containing 80% neutrophils 6 to 72 hours post flush and
75% of cows treated with intrauterine infusion of LPS conceived to the following AI (Singh et
al., 2000). Singh suggested that the challenge stimulated the immune response to overcome the
bacterial contamination and metritis that was previously maintained over several estrous cycles.
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An additional study measuring acute phase response by plasma Hp in dairy cattle concluded
higher acute phase responses is characterized by the innate immune response and reduced
mitogen-induced IFN-γ secretion which resulted in decreased reproductive efficiency for cows
with high concentrations of serum Hp (Nightingale et al., 2015).
The use of cellular biomarkers to predict fertility of dairy cattle would allow producers a
chute side test to negate the costs of breeding cattle that are not in the proper state to support a
pregnancy. Proper management of transition cows is the most important factor. Detection of
clinical and subclinical illness has continued to be the number one predictor of pregnancy
(Akers, 2014). The combination of calving difficulty, clinical signs of illness, uterine culture,
and Hp plasma concentration (after 26 DIM) for the culmination of most predictive indication of
fertility.

VI.

Future Implications

Due to the numerous illness categories in this study various illnesses could not be broken
down to examine specific leukocyte and Hp interactions for these groups. A larger number of
animals would be necessary for this to occur. Additionally, testing animals in the same stage of
lactation over two to three years would give a more accurate picture of how each animal copes
with the physical stress of calving and any illnesses they acquire. This would allow the Hp
concentration parity effect to be further examined.
It is known that Hp is released due to the acute phase response; this is a protective
mechanism from oxidation as well as a positive and negative inflammatory mediator. The levels
of Hp in the body are known to be influenced through cellular levels, increasing the circulating
levels in a postpartum dairy cow exogenously could help stimulate immune activation to
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overcome a latent or subclinical infection in order for conception to the first service to be
successful. Exogenous haptoglobin given to Hp knockout cells restored cell migration in an
inflammatory arthritis model (Smeets et al., 2003). It has been shown that feeding certain types
of grains like barley (Emmanuel et al., 2008) stimulate an inflammatory response. The use of
feeds to alter the pH balance of the rumen for a short time could potentially increase acute phase
proteins in circulation to overcome an immune challenge. Emmanuel et al. (2008) showed an
increase in serum amyloid A and LPS-binding protein that have shorter half-lives than Hp and
bind endotoxins in circulation drawing leukocytes to the complex.
Additional research should focus on the production of cellular products produced as a
result of an acute phase response. These products would include molecules like interferon
gamma and bilirubin. These molecules are further down the signaling cascade and would
indicate the APR is initiated and the innate immune response has been activated fighting the
immune challenge causing reduced conception rates.
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VII. Appendix
Table 11: Milk somatic cell summary by QScout Farm Lab diagnosis
Time
N Negative
N
Borderline
N
Positive
Left Front
T1
83
34
17
89
20
558
Left Rear
T1
86
38
17
77
19
1163
Right Rear
T1
79
35
16
72
27
1742
Right Front
T1
87
34
18
82
19
1168
Left Front
T2
73
32
15
87
34
1681
Left Rear
T2
80
29
12
89
28
1401
SCC
Right Rear
T2
78
29
9
94
35
1318
Right Front
T2
81
25
14
64
29
2232
Left Front
T3
73
28
14
85
30
2742
Left Rear
T3
79
32
17
102
24
1872
Right Rear
T3
72
28
10
94
38
1389
Right Front
T3
82
29
13
76
26
1790
Heifers
T1
10
150
6
300
9
1345
SCC Heifers
T2
9
84
3
175
13
4957
Heifers
T3
8
67
4
228
12
3037
Cows
T1
39
105
20
234
42
2283
SCC Cows
T2
39
117
12
190
50
2957
Cows
T3
34
103
14
218
51
3840.86
Mean milk Total Leukocyte Summary by QScout Farm Lab Diagnosis over time. All cell counts
performed on QScout Farm Lab on hospital cow setting shown in cells/mL of pooled milk. T1
=20-26 DIM, T2 =54-60 DIM, T3 =90-96 DIM.
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Table 12: Milk total leukocyte summary by QScout Farm Lab diagnosis
Time
N
Negative
N
Borderline
N
Positive
T1
49
53
26
129
51
1286
Neutrophils
T2
48
51
15
99
63
2345
T3
42
46
18
119
63
2491
T1
49
28
26
69
51
576
Lymphocytes
T2
48
21
15
32
63
680
T3
42
18
18
44
63
700
T1
49
33
26
52
51
247
Monocytes
T2
48
40
15
56
63
344
T3
42
33
18
58
63
497
Mean milk leukocyte summary by QScout Farm Lab Diagnosis over time. All cell counts
performed on QScout Farm Lab on hospital cow setting shown in cells/mL of pooled milk. T1
=20-26 DIM, T2 =54-60 DIM, T3 =90-96 DIM.
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Table 13: Blood leukocyte summary by QScout Farm Lab diagnosis
Time
N Negative
N Borderline
N Positive
p
T1
41
8.67
21
8.92
44
8.79
0.952
Total Leukocyte
T2
48
8.97
15
10.31
62
8.73
0.1241
Count
T3
42
10.39
18
10.29
63
9.55
0.2431
T1
41
3.65
21
3.95
44
4.25
0.3622
Neutrophils
T2
48
3.65
15
3.96
62
4.3
0.125
T3
42
4.78
18
4.47
63
4.87
0.6364
T1
41
4.44
21
4.34
44
3.9
0.5046
Lymphocytes
T2
48
4.6
15
5.62
62
3.72
0.0051
T3
42
4.59
18
4.85
63
3.67
0.0528
T1
41
0.32
21
0.294
44
0.3
0.8509
Monocytes
T2
48
0.298
15
0.262
62 0.257 0.3525
T3
42
0.465
18
0.484
63 0.384 0.3814
T1
41
0.196
21
0.252
44 0.255 0.6255
Eosinophils
T2
48
0.301
15
0.324
62 0.271 0.6973
T3
42
0.355
18
0.369
63 0.415 0.5685
T1
41
0.036
21
0.037
44
0.04
0.9145
Basophils
T2
48
0.068
15
0.061
62 0.072
0.809
T3
42
0.102
18
0.071
63 0.088 0.2358
T1
41
0.028
21
0.048
44 0.039 0.1886
Banded
T2
48
0.063
15
0.071
62 0.101 0.2654
Neutrophils
T3
42
0.091
18
0.049
63
0.12
0.2529
Blood leukocyte summary by QScout Farm Lab Udder Diagnosis. Mean counts in 1,000/mL. T1
=20-26 DIM, T2 =54-60 DIM, T3 =90-96 DIM.
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Table 14:Mean uterine leukocyte summary by QScout Farm Lab diagnosis
Cell type
Total Leukocyte
Count
Neutrophils
Lymphocytes
Monocytes
Eosinophils

N

Negative

N

Borderline

N

Positive

p

35
28
28
26
1

44
25
9.5
22
1

19
13
16
11
2

54.42
20.23
28.81
24.27
2.5

31
26
25
21
1

51.41
35.04
11.16
19.19
1

0.7402
0.4597
0.0577
0.8783
0.8165

Mean uterine leukocyte summary by QScout Farm Lab udder diagnosis at 20-26 DIM. Mean
cell counts are given.
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Table 15: Average milk yield summary by QScout Farm Lab diagnosis
Time

N

Negative

N

Borderline

N

Positive

p

Milk
Weight
T1
49
40.48
26
40.03
51
40.89
0.9267
Milk
Weight
T2
48
45.57
15
43.10
63
59.55
0.6654
Milk
Weight
T3
42
42.46
18
39.37
63
41.72
0.3196
Heifers
T1
10
29.09
6
27.90
9
29.70
0.9028
Milk
Heifers
T2
11
36.69
3
38.01
13
46.82
0.5043
Yield
Heifers
T3
9
35.22
8
33.86
12
43.65
0.6073
Cows
T1
39
43.40
20
43.67
42
43.29
0.9824
Milk
Cows
T2
37
48.21
12
44.38
53
45.15
0.2393
Yield
Cows
T3
33
44.44
10
43.78
56
42.33
0.3568
Average Milk Yield Summary by QScout Farm Lab Diagnosis over time in kgs. Average milk
yield calculated by three consecutive days yield prior to sampling day. T1 =20-26 DIM, T2 =5460 DIM, T3 =90-96 DIM.
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Table 16: Disease status by QScout Farm Lab diagnosis
Total
With
Disease
Time
Disease
N Negative
T1
7
2
4.08%
Metabolic
T2
1
T3
2
-

Positiv
e
3.92%
1.59%
3.23%

N Borderline
N
3
11.54%
2
1
2
1
1
T1
46
18 42.31%
1
36.73%
7 33.33%
Reproductive
T2
1
1 1.59%
T3
T1
1
1
3.85%
Mammary
T2
2
1
6.67%
1 1.59%
T3
2
2 3.23%
T1
8
2
4.08%
2
7.69%
4 7.84%
Structural
T2
13
4
8.33%
0
0%
9 14.29%
T3
7
3
7.14%
1
5.56%
3 4.48%
T1
2
1
3.85%
1 1.96%
Infectious
T2
1
1 1.53%
T3
1
1 1.61%
Summary of disease status by QScout Farm Lab diagnosis over time. Diseases status was
determined by experienced veterinarian and clinical symptoms treated by producer; disease
percent is percent of animals positive for disease and QScout category out of all possible
animals. T1 =20-26 DIM, T2 =54-60 DIM, T3 =90-96 DIM.
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Table 17: Conception rates to first AI by QScout Farm Lab diagnosis

Pregnancy
at 90 DIM
Pregnancy
at 90 DIM

Pregnancy
at 90 DIM
Pregnancy
at 90 DIM
Pregnancy
at 90 DIM
Heifers
Heifers
Heifers
Cows
Cows
Cows

Time

N

Negative

N

Borderline

N

Positive

p

T1

49

32.65%

26

30.77%

51

41.18%

0.5656

T2

48

39.58%

15

40.00%

63

31.75%

0.6489

T3
T1
T2
T3
T1
T2
T3

42
10
11
9
39
37
33

42.86%
50.00%
45.45%
33.33%
28.21%
37.84%
45.45%

18
6
4
8
20
11
10

38.89%
33.33%
50.00%
75.00%
30%
36.36%
10%

63
9
10
7
42
53
56

31.75%
44.44%
40.00%
28.57%
40.48%
30.19%
32.14%

0.3748
0.8090
0.9357
0.1720
0.4692
0.7367
0.1308

Conception rates to first AI by QScout Farm Lab udder diagnosis over time. T1 =20-26 DIM,
T2 =54-60 DIM, T3 =90-96 DIM.
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Pregnancy by postpartum illness

Conception Rate

Pregnant

Open

Healthy

Ill

Figure 19: Contingency analysis of pregnancy by postpartum illness n = 126 with open animals
(n = 80) and pregnant animals (n = 46) Chi square p = 0.0387.
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Pregnancy status by calving difficulty

Conception Rate

Pregnant

Open

Ease

Difficulty

Figure 20: Pregnancy status by calving difficulty n = 126. Calving score of <2 =0 (n = 95)and
calving score >3 =1 (n = 31). Calving score 1=unassisted delivery. 2= little difficulty,
assistance given by hand and may have not been required. 3= moderate difficulty, calf jack used
and pull duration less than 10 minutes. 4= major difficulty with calf jack used; pull duration
longer than 10 minutes (p = 0.0223).

Hp concentration ng/mL

Pooled milk Hp
150
100
50
0
Healthy Diseased Healthy Diseased
Heifers

Cows

Time 1

Figure 21: Pooled milk Hp concentrations at 20-26 DIM of healthy and diseased animals by
parity.
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Table 18: Repeated measures ANOVA of WBC type by QScout diagnosis and time
Model: Log10cell type = Time + QScout Diagnosis + Time*QScout Diagnosis
SCC

Neutrophils

Lymphocytes

Monocytes

Time

0.0680

0.1275

<0.0001

0.1279

QScout
Diagnosis

<0.0001

<0.0001

<0.0001

0.0056

Time*QScout
Diagnosis

0.0047

0.0008

0.0275

0.0430

Repeated measures ANOVA of WBC type by QScout diagnosis and time. Proc mixed procedure
for type 3 tests for fixed effects.

Table 19: Autoregressive contrasts Pr > F
SCC

Neutrophils

Lymphocytes

Monocytes

Negative vs
borderline and
positive

<0.0001

<0.0001

<0.0001

0.0537

Borderline vs
positive

<0.0001

<0.0001

<0.0001

0.0445

Autoregressive contrasts by WBC type by QScout diagnosis and time. Contrasts: Negative vs.
borderline and positive (1, -0.5, -0.5) and borderline vs. positive (-1, 1).
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Table 20: Milk culture by QScout Farm Lab positive udder diagnosis
Time 1

Borderline

Positive

Negative

Borderline

Positive

Negative

Borderline

Positive

Time 3

Negative

N
%
Row%

Time 2

Negative
milk
culture

21
24.42
61.76

9
10.47
26.47

4
4.65
11.76

12
11.32
32.43

10
9.43
27.03

15
14.15
40.54

23
19.49
44.23

10
8.47
19.23

19
16.10
36.54

Positive
milk
culture

12
13.95
23.08

7
8.14
13.46

33
38.37
63.46

25
23.58
36.23

4
3.77
5.80

40
37.74
57.97

18
15.25
27.27

7
5.93
10.61

41
34.75
62.12

Total

33
38.37

16
18.60

37
43.02

37
34.91

14
13.21

55
51.89

41
34.75

17
14.41

60
50.85

Chi Sq

<0.0001

0.0077

0.0218

Milk culture by udder diagnosis Chi square by time. Nonparametric ANOVA means scores
shown using Mantel-Haenszel Methodology were row mean score differ <0.0001.
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Table 21: McNemars test of agreement: Milk culture and QScout Farm Lab positive udder
diagnosis
N
%
Row%

Time 1
Negative

Positive

Negative

Positive

Negative

Positive

Negative
Culture

30
34.88
88.24

4
4.65
11.76

22
20.75
59.46

15
14.15
40.54

33
27.97
63.46

19
16.10
36.54

Positive
Culture

19
22.09
36.54

33
38.37
63.46

29
27.36
42.03

40
37.74
57.97

25
21.88
37.88

41
34.75
62.12

McNemar’s

Time 2

0.0018
(Disagree)

Time 3

0.0348
(Disagree)

0.3657
(Agree)

McNemars test of agreement of milk culture and udder diagnosis based on QScout Farm Lab.
Borderline animals are combined with negative udder diagnosis. Significance was determined
on the difference of the two dependent variables. Over all analysis: row mean scores differ
<0.0001. Kappa coefficient =0.3033.
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Table 22: DoVan treated mastitic cows by QScout Farm Lab positive udder diagnosis
Time 1

Borderline

Positive

Negative

Borderline

Positive

Negative

Borderline

Positive

Time 3

Negative

N
%
Row%

Time 2

Nontreated

49
38.89
39.20

25
19.84
20.00

51
40.48
40.80

48
38.10
38.71

14
11.11
11.29

62
49.21
50.00

42
34.43
35.00

18
14.75
15.00

60
49.18
50.00

Treated

0
0
0

1
0.79
100

0
0
0

0
0
0

1
0.79
50.00

1
0.79
50.00

0
0
0

0
0
0

2
1.64
100

49
38.89

26
20.63

51
40.48

48
38.10

15
11.90

63
50.00

42
34.43

18
14.75

62
50.82

Total
Fisher’s
exact

0.2063

0.1200

0.2562

DoVan treated mastitic cows by QScout Farm Lab positive udder diagnosis. Mantel-Henszel
Methodology with Fisher's exact test used. Overall analysis: row mean scores differ p = 0.2353.
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Table 23: McNemars test of agreement: DoVan treated cows by QScout Farm Lab positive udder
diagnosis
N
%
Row%

Time 1

Time 2

Time 3

Negative

Positive

Negative

Positive

Negative

Positive

Nontreated

74
58.73
59.20

51
40.48
40.80

62
49.21
50.00

62
49.21
50.00

60
49.18
50.00

60
49.18
50.00

Treated

1
0.79
100

0
0
0

1
0.79
50.00

1
0.79
50.00

0
0
0

2
1.64
100.00

McNemar’s

<0.0001
(Disagree)

<0.0001
(Disagree)

<0.0001
(Disagree)

McNemars test of agreement with DoVan treated cows by QScout Farm Lab positive udder
diagnosis. Borderline cows are combined with negative udder diagnosis cows. Significance was
determined on the difference of the two dependent variables. Overall analysis: Row means score
differ =0.6021. Kappa coefficient =0.2179.
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SCC

Milk_Neut

Milk_Lymph

Milk_Mono

WBC

B_Neut

B_Lmph

B_Mono

B_Eosinophils

B_Basophils

B_Band_Neut

Table 24: Milk and blood correlations 20-26 DIM

SCC
Milk
Neut
Milk
Lymph
Milk
Mono

1

0.9979*

0.9852*

0.7401*

0.005

0.1734

-0.1314

-0.1336

-0.036

-0.1011

0.1043

0.9979*

1

0.9795*

0.7221*

0.0052

0.1713

-0.1297

-0.1322

-0.0329

-0.0954

0.0967

0.9852*

0.9795*

1

0.6417*

0.0222

0.2039

-0.1315

-0.1383

-0.0554

-0.1269

0.1021

0.7401*

0.7221*

0.6417*

1

-0.071

0.009

-0.1047

-0.0854

0.0339

-0.0048

0.1416

WBC

0.005

0.0052

0.0222

-0.071

1

0.6536*

0.7156*

0.2391*

0.307*

0.1379

0.0659

B Neut

0.1734

0.1713

0.2039

0.009

0.6536*

1

-0.047

0.3018*

0.1043

-0.006

0.1976

B Lymph

-0.1314

-0.1297

-0.1315

-0.1047

0.7156*

-0.047

1

-0.0383

0.1843

0.1146

-0.1086

B Mono

-0.1336

-0.1322

-0.1383

-0.0854

0.2391*

0.3018*

-0.0383

1

-0.0013

0.1621

0.0295

B Eosi

-0.036

-0.0329

-0.0554

0.0339

0.307*

0.1043

0.1843

-0.0013

1

0.3394*

-0.0041

B Baso
B Band
Neut

-0.1011

-0.0954

-0.1269

-0.0048

0.1379

-0.006

0.1146

0.1621

0.3394*

1

-0.0335

0.1043

0.0967

0.1021

0.1416

0.0659

0.1976

-0.1086

0.0295

-0.0041

-0.0335

1

Milk and blood correlations 20-26 DIM. Pairwise correlation between pooled milk and blood constituents. SCC =somatic cell count,
Neut= neutrophils, Lymph =lymphocytes, Mono =monocytes, WBC =total blood leukocytes, B =blood, Eosi = eosinophils, Baso =
basophils, Band Neut =banded neutrophils. Benjimini-Hochberg critical value was used to adjust the alpha level due to multiple
comparisons. Correlations shown with p<0.05 indicated as * .
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SCC

Milk_Neut

Milk_Lymph

Milk_Mono

WBC

B_Neut

B_Lmph

B_Mono

B_Eosi

B_Baso

B_Band_Neut

Table 25: Milk and blood correlations 54-60 DIM

SCC
Milk
Neut
Milk
Lymph
Milk
Mono

1

0.995*

0.983*

0.758*

-0.043

0.205*

-0.213*

-0.1225

-0.0949

-0.0157

0.441*

0.995*

1

0.970*

0.699*

-0.039

0.207*

-0.209*

-0.1296

-0.0962

0.0031

0.434*

0.983*

0.970*

1

0.7337

-0.0199

0.243*

-0.214*

-0.1203

-0.0911

-0.05

0.450*

0.758*

0.699*

0.7337

1

-0.1084

0.044

-0.1734

-0.0376

-0.0639

-0.0737

0.331*

WBC

-0.043

-0.039

-0.0199

-0.1084

1

0.504*

0.7589

0.334*

0.197*

0.258*

0.297*

B Neut
B
Lymph
B
Mono

0.205*

0.207*

0.243*

0.044

0.504*

1

-0.1658

0.1033

0.0085

-0.0564

0.330*

-0.213*

-0.209*

-0.214*

-0.1734

0.7589

-0.1658

1

0.242*

0.114

0.29*

0.0405

-0.1225

-0.1296

-0.1203

-0.0376

0.334*

0.1033

0.242*

1

0.029

0.227*

0.0975

B Eosi

-0.0949

-0.0962

-0.0911

-0.0639

0.197*

0.0085

0.114

0.029

1

0.1254

0.0118

B Baso
B Band
Neut

-0.0157

0.0031

-0.05

-0.0737

0.258*

-0.0564

0.29*

0.227*

0.1254

1

0.122

0.441*

0.434*

0.450*

0.331*

0.297*

0.330*

0.0405

0.0975

0.0118

0.122

1

Milk and blood correlations 54-60 DIM. Pairwise correlation between pooled milk and blood constituents. SCC =somatic cell count,
Neut= neutrophils, Lymph =lymphocytes, Mono =monocytes, WBC =total blood leukocytes, B =blood, Eosi = eosinophils, Baso =
basophils, Band Neut =banded neutrophils. Benjimini-Hochberg critical value was used to adjust the alpha level due to multiple
comparisons. Correlations shown with p<0.05 indicated as * .

85

Milk_Neut

Milk_Lymph

Milk_Mono

WBC

B_Neut

B_Lmph

B_Mono

B_Eosinophils

B_Basophils

B_Band_Neut

SCC
Milk Neut
Milk
Lymph
Milk
Mono
WBC
B Neut
B Lymph
B Mono
B Eosi
B Baso
B Band
Neut

SCC

Table 26: Milk and blood correlations 90-96 DIM

1
0.9941

0.9941
1

0.9606
0.9395

0.8534
0.8104

-0.0957
-0.0876

0.0452
0.0427

-0.165
-0.1515

-0.1902
-0.1942

0.2722
0.2526

-0.0669
-0.0646

0.288
0.2947

0.9606

0.9395

1

0.7793

-0.1161

0.0486

-0.1966

-0.1805

0.312

-0.0404

0.2657

0.8534
-0.0957
0.0452
-0.165
-0.1902
0.2722
-0.0669

0.8104
-0.0876
0.0427
-0.1515
-0.1942
0.2526
-0.0646

0.7793
-0.1161
0.0486
-0.1966
-0.1805
0.312
-0.0404

1
-0.0834
0.0431
-0.1479
-0.1382
0.2484
-0.1061

-0.0834
1
0.501
0.7474
0.1798
0.1656
0.1448

0.0431
0.501
1
-0.1712
0.2364
0.1271
0.2473

-0.1479
0.7474
-0.1712
1
-0.1049
-0.0414
-0.1052

-0.1382
0.1798
0.2364
-0.1049
1
0.0202
0.1678

0.2484
0.1656
0.1271
-0.0414
0.0202
1
0.2643

-0.1061
0.1448
0.2473
-0.1052
0.1678
0.2643
1

0.2179
0.1803
0.1762
0.0082
-0.086
0.1208
0.2265

0.288

0.2947

0.2657

0.2179

0.1803

0.1762

0.0082

-0.086

0.1208

0.2265

1

Milk and blood correlations 90-96 DIM. Pairwise correlation between pooled milk and blood constituents. SCC =somatic cell count,
Neut= neutrophils, Lymph =lymphocytes, Mono =monocytes, WBC =total blood leukocytes, B =blood, Eosi = eosinophils, Baso =
basophils, Band Neut =banded neutrophils. Benjimini-Hochberg critical value was used to adjust the alpha level due to multiple
comparisons. Correlations shown with p<0.05 indicated as * .
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Illness Status at 20-26 DIM
Positive QScout, Uterine Culture, and Treated
Positive Uterine Culture and Treated
Positive QScout and Treated
Treated
Positive Uterine Culture and QScout - Untreated
Positive QScout - Untreated
Positive Uterine Culture- Untreated
Healthy

0

Pregnant

5

10
15
20
Number of Animals

25

30

Open

Figure 22: Illness Status 20-26 DIM by pregnancy status to first AI. Positive QScout = Positive
diagnosis from QScout Farm Lab, Treated = cow treated by producer for one or multiple
illnesses (structural, mammary, metabloic, reproductive, and infectious).
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Conception by Health Conditions
80

Conception Rate

70
60
50
40
30

20-26 DIM

20

54-60 DIM

10

0

0
High
Milk

Low
Milk
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Milk

High Hp

Low
Milk

Low Hp
Sick

High
Milk

Low
Milk

High
Milk

High Hp

Low
Milk

Low Hp
Healthy

Figure 23: Conception rate by health factors clinical disease, plasma Hp concentration, and
milk production. 20-26 DIM sick cattle High Hp/High Milk n = 18, High Hp/Low Milk n = 27,
Low Hp/High Milk n = 20, and Low Hp/Low Milk n = 23. Healthy cattle High Hp/High Milk n
= 9, High Hp/Low Milk n = 11, Low Hp/High Milk n = 15, and Low Hp/Low Milk n = 3. 54-60
DIM sick cattle High Hp/High Milk n = 19, High Hp/Low Milk n = 18, Low Hp/High Milk n =
17, and Low Hp/Low Milk n = 13. Healthy cattle High Hp/High Milk n = 2, High Hp/Low Milk
n = 2, Low Hp/High Milk n = 27, and Low Hp/Low Milk n = 28.
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